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Foreword 


The attached material represents the working papers from the 
OAST Space Theme Workshop held at the Langley Research Center, 
April 26-30, 1976, and contains a quick-look analysis of the 
proceedings. The material is unedited and intended for further 
use by the participants of the workshop and the planning elements of 
NASA concerned with space mission research and technology. It 
should be understood that the data do not represent official plans 
or positions but are part of the process of evolving such plans and 
positions. 

Nearly 100 of the Agency's top technologists and scientists joined 
with another 35 theme specialists to produce this working document - 
a document that provides a technical foundation, including research 
and technology base candidates, for each of the six space themes. 

The material in this report is considered essential to the development 
of Center initiatives in support of these themes. Copies of the report 
will be made available to the Center Management Board and the 
individuals at the Centers responsible for the FY'78 program planning 
cycle. The timing of this planning activity has caused us to distribute 
this document in this unedited form. Thus, it possibly contains errors, 
hopefully, more of a typographical rather than a technological nature. 
Nonetheless, the information contained is of a high professional level, 
reflecting the efforts of the workshop participants and will be invaluable 
to the planning and successful execution of the Agency's near- and far- 
term advanced technology program. 


Stanley R. Sadin 
OAST Space Theme Workshop 
Chairman 

NASA Headquarters 
Study, Analysis, & Planning Office 
Office of Aeronautics and 
Space Technology 
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PROPULSION (WG P-1) 

Impact of Theme on Discipline Planning .- All theme requirement 
documents were reviewed and assessed against ongoing and projected propul 
sion technology programs. Discussions were held with individual theme 
teams to review overall theme philosophy and clarify specific theme 
thrusts. Unique propulsion technology requirements to satisfy theme 
needs were identified and preliminary program planning was attempted. 

It became readily apparent that satisfying theme needs, in many 
cases, will require augmentation of present available resources. 

Propulsion programs were generated reflecting these inputs and 
the technology planned to meet the schedule goals. 


SUMMARY OF THEME NEEDS.- All themes require some form of advanced 


propulsion capability to achieve their stated objectives. Requirements 
cover a broad spectrum ranging from a new generation of heavy lift 
launch vehicles to low thrust, long lift system for on-orbit operations. 

The first effort of the group was to establish the common- 
ality extant between propulsive technologies and an attempt to 
group technologies into vehicle classes by functional capability. 
The Space Transportation Theme (#12) had identified 5 classes 
of launch vehicles and a time frame for their availability. 

These classes were augmented by the working group with a sixth 
class, encompassing planetary and on-orbit operations. Propulsion 
technologies in each class were then ranked, and assigned priority 
numbers . 

Finally, prioritised technologies Were matched to theme 
requirements and final discussions held with the Theme Teams. 



2 


During this process, it became apparent that some Theme 
needs could not be satisfied without the generation of New 
Initiative proposals to initiate new efforts or to augment 
existing programs. These were identified for later submittal. 


The views of the Working Group are summarized on the following 


figures. 


PROPULSION TECHNOLOGY WORKING GROUP FINDINGS 
OAST SPACE TECHNOLOGY WORKSHOP 
APRIL 30, 1976 
LANGLEY RESEARCH CENTER 
HAMPTON, VIRGINIA 


P-1-1 


&NGPAGE BLANK 


PROPULSION TECHNOLOGY WORKING GROUP 

APPROACH 

(1) EXAMINED VEHICLE MATRIX FROM THEME 12 

(2) DETERMINE TRANSPORTATION NEEDS OF OTHER SPACE THEMES AGAINST 
THEME 12 REQUIREMENTS 

(3) IDENTIFIED TWO ADDITIONAL PROPULSION FUNCTIONS 

(4) IDENTIFIED TOTAL PROPULSION NEEDS AGAINST REVISED MATRIX 

(5) PRIORITIZED & EVALUATED ALL PROPULSION "NEEDS" FOR EACH VEHICLE 

(6) PROVIDED DOCUMENTATION (Rx FORMS) 


P-1 



P-1-3 



PROPULSION TECHNOLOGY WORKING GROUP 
PROPULSION NEED RATING CRITERIA 

• USE DATE 

• CRITICALITY 

• ENABLING 

• ENHANCING 

• HIGH 

I MEDIUM 

• LOW 

• PROBABILITY OF MEETING TECHNOLOGY GOAL 


P-1-4 



SHUTTLE 



HLLV1 & SHUTTLE GROWTH 







PROPULSION WORKING GROUP SUMMARY 







PROPULSION WORKING GROUP SUMMARY 



PROPULSION TECHNOLOGY WORKING GROUP 


CONCLUSIONS 

0 THEME 12 UNDERLYING TO ALL OTHERS 

§ ENABLING PROPULSION TECHNOLOGY AREA KEY TO REDUCED TRANSPORTATION COSTS 
AND INCREASED SPACE CAPABILITY 

0 FURTHER OAST EVALUATION OF ALL PROPULSION NEEDS NECESSARY TO ESTABLISH 
RESOURCE REQUIREMENTS 


P-1-8 



LEVEL I. BASIC PHENOMENA OBSERVED AND REPORTED 5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

OF STATE 2. THEORY FORMULATED TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART 3. THEORY TESTED BY PHYSICAL EXPERIMENT OR 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7. MODEL TESTED IN SPACE ENVIRONMENT 

4, PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


f. v &^NG*PAGE BLANK NOT F £$&« 


f 

SPACE TECHNOLOGY NEED 

— 

FORM NO. 1 
PAGE 1 OF 3 

1 . TITLE H o -0„ Hiqh Performance, Reusable Main 

NO. 1 ,7,8,12/P-l/l 

g — — — 

Propulsion Systems for Orbit Transfer 
Vehicles 

THEME /W.G./ TASK 
nATP 4 / 27 / 76 

.._J 

2 ' < 3ivifc$ v l^chnology for high performance, reusable 

H o -0 0 space propulsion 

systems, including staged combustion bell nozzle, 

expander cycle bell 

nozzle, aerospike, and plug cluster. 



3. NEED ANALYSIS 

a) LEVEL NOW (T) , WILL BE LEVEL GO UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLO GY READY 

AT LEVEL [?) FOR OPERATIONAL SYSTEM USE BY I DATE: 1986 I 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM jx] LOW Q 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING Q OR 

ENHANCING: HIGH 0 MEDIUM Q LOW □ 

e) TASKS NEEDED: STUDY QJ ANALYSIS 0 RESEARCH QTJ 

GRD TEST B AIR CRAFT TEST □ SPACE FLIGHT TEST □ 

OTHER (Specify) Q (Check one or more) 

f) R&T BASE CANDIDATE Yes 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

(a) Staged combustion, bell nozzle engine (ASE) - Continue LeRC component 
technology program on thrust chamber, main fuel and oxidizer turbopumps, 
preburner, main injector, low cycle thermal fatigue chamber life, turbo- 
pump bearings and seals, and boost pump multiroller drive system. Expand 
program with FY78 now initiative, entitled "Reusable Engine Systems Test 
(RECEST)" (FY78 new start #119) to obtain data on operation of the power- 
head breadboard assembly of the staged combustion cycle engine and the 
aerospike engine breadboard. (Cont'd on page 3.) 


V J 
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SPACE TECHNOLOGY NEED 

\ 

FORM NO. 1 
PAGE 2 OF 3 

T,TLE H ? -0 ? High Performance, Reusable Main 

NO 7,8,1 2/P- 1 1 / 1 

Propulsion Systems for Orbit Transfer Vehicles 

THEME /W.G./ TASK 


DATE 4/ 27/ 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

High performance reusable engines are needed to provide maximum payload and 


lo w cost through mu l tiple reuses up to 100 missions. High, pressura-is 

desirable to provide maximum specific impulse in a small compact package 

and minimize engine weight. Slush cryogens are needed to reduce tankage 
volume. 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

506-21-11, 506-21-12, 910-03-01 

FY78 New Start #119 - RECEST 

FY79 New Start #305 - Plug Cluster Nozzle 

9. TECHNOLOGY SCHEDULES 


FY 
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b) Aerospike Eng. 
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RECEST ( FY78#119] 
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Tech(FY79#305) 
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d) Slush Cryogens 
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slilatibh Sys. 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 

FUNDING (10 6 $) 

INHOUSE 

i CONTRACT 
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SPACE TECHNOLOGY NEED 


FORM NO. I 

PAGE 3 OF _ _3 _ 


1. TITLE H^-Og High Performance Reusable Main no 7 ,8,12/P-l/l 


Propulsion Systems for Orbit Transfer Veh icles THEME /W.G. /TASK 

76 


DATE. 


hi 1 ,. 


( ) CONTINUATION (If Needed) 

Block No. 

(b) Aerospike expander cycle engine - Complete planned LeRC program on 

testing of 25K thrust aerosoike chamber. Work also needed on thermal 

fatigue life of segments of chamber and breadboard system test using 

Mark 48 fuel and oxidizer pumps as part of FY78 new start #119 (RECEST). 

(c) Plug cluster nozzle program - Complete present program on studies of 
plug cluster feasibility and performance. Determine operational constraint s} 
and system constraints. Conduct flight test of full scale system as part 
of FY79 new start #305. 


(d) Slush cryogens - Evaluate methods of manufacture, storage, handling, 

pumping, and cost of applying to a flight system. Demonstrate these tech- 
nology areas at moderate scale. 

(e) Reusable cryogenic insulation systems - Continue LeRC program to pro- 

vide technology on two approaches: (1) evacuated load bearing insulation 

system, and (2) purged multilayer insulation system. 



LEVEL 1. BASIC PHENOMENA OBSERVED AND REPORTED 5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

OF STATE 2. THEORY FORMULATED TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART 3. THEORYTESTED BY PHYSICAL EXPERIMENT OR 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT 


SPACE TECHNOLOGY NEED 


1. TITLE Dual Fuel Engine Technology 
Mode Orbit Transfer Vehicle 


FORM NO. I 
PAGE 1 OF 2 


NO. 1, 7, 8, 12/P- 1 / 2 
THEME /W.G./ TASK 

DATE 1 / 27 I 76 



3. NEED ANALYSIS 

a) LEVEL NOW [g] , WILL BE LEVEL Q UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL (5] FOR OPERATIONAL SYSTEM USE BY [DATE: 1986 I 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH [X] MEDIUM Q LOW Q 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING Q OR 

ENHANCING: HIGH Q) MEDIUM Q LOW □ 

e) TASKS NEEDED: STUDY [X] ANALYSIS (T) RESEARCH 0 

GRDTEST0 AIR CRAFTTEST Q SPACE FLIGHT TEST Q 
OTHER (Specify) Q (Check one or more) 

f) R&T BASE CANDIDATE Yes 


4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

Perform studies to evaluate use of mixed mode propulsion using dual fuel 


engine(s) for orbit transfer vehicles. Perform engine system trade-off 


and parametric studies to determine fuel/oxidizer combinations, engine 


turbopump drive cycle, cooling method, and component preliminary designs 


for selected thrust level in the range from 20,000 to 40,000 pounds. Per- 


form component technology programs based on selection of critical com- 


ponents for the engine configuration and propellant combination selected. 
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Space technology need 

i 


FORM NO. 1 
PAGE 2 OF 2 


TITLE 0 Ua i p ue i E n g-j ne Technology for Mixed 


wn 7, 8, 12/P- 1 / 2 


Mode Orbit Transfer Vehicle 

* 

THEME /W.G./ TASK 


K 

DATE 4 / 27 / 76 

J 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 


Mixed mode propulsion is attractive for OTV's because it provides payload 

capability equivalent to Hg-0, in a smaller volume stage. Where compact 

size is important, e,g., to fit in the shuttle cargo bay, mixed mode pays 

off. A dual fuel engine capable of operating on hydrocarbon fuel/LOX/LH,, 
or MMH/LOX/LHg is requ i red . 


7. ALTERNATIVE APPROACHES/OPTIONS 


* IRT0 '’’ 0THEni 


9. TECHNOLOGY SCHEDULES 


FY 


SCHEDULE ITEM 
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MANPOWER (M-Y) 
INHOUSE 
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FUNDING (10 6 $) 
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LEVEL 1. BASIC PHENOMENA OBSERVED AND REPORTEO 5. COMPONENT OR BREADBOARD TESTED IN RELEV«tJT 

OF STATE 2. THEORY FORMULATEO TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 


SPACE TECHNOLOGY NEED 


1. TITLE LIQUID/SOLID 


FORM NO. I 
PAGE 1 OF 2 


NO 7-8-12 P-1 3 

THEME /W.G./ TASK 

DATE 4 /_ 27 / 76 


2. OBJECTIVE 


A HIGHER PERFORMA 







LANDINGS WITHOUT ATTENDANT HAZARDS DURING PROPELLANT 


3. NEED ANALYSIS 

a) LEVEL NOW Q , WILL BE LEVEL GO UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLO GY READY 

AT LEVEL Q0 FOR OPERATIONAL SYSTEM USE BY loATE.-IOfiV ~1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM Qj LOW □ 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING Q OR 

ENHANCING: HIGH Q MEDIUM Q LOW Q 

e) TASKS NEEDED: STUDY Q ANALYSIS Q| RESEARCH 0 

GRDTEStQ] AIR CRAFTTEST Q SPACE FLIGHT TEST □ 

OTHER (Specify) Q (Check one or more) 

f) R&T BASE CANDIDATE ; 


4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY DEVELOPMENT OF ENERGETIC SOI Tn FHFi 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

ANALYSIS AND TEST OF A PROPULSION SYSTEM EMPLOYING A LIQUID OXIDIZER 


(E.G. LOX) AND A SOLID FUEL. SYSTEM WOULD PROVIDE A HIGH DENSITY 



WOULD BE DUMPED). 






t — 

SPACE TECHNOLOGY NEED 



FORM NO. 1 
PAGE 2 OF 2 

TITLE LIQUID/SOLID HYBRID PROPULSION FOR OTV 

NO. 7-8-12 P-1 3 

i 

THEME /W.G./ TASK 


DATE A./ 27/ 76 

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 




REVIEW OF PAST TECHNOLOGY RELATED TO LIQUID/S 


THE PROPFI I ANT COMBINATIONS TO BE EVALUATED. INVESTIGATE BURNING 
PROPERTIES IN SMALL MOTORS. FABRICATE AND TEST A PROTOTYPE MOTOR 



7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 


NONE 


9. TECHNOLOGY SCHEDULES 

FY 


SCHEDULE ITEM 


TASK ITEM 
Est. Design 


Criteria 


Fab. & Test 


Key componen 




MANPOWER (M-Y) 

INHOUSE 

1 CONTRACT 


/ C\/ l 0\i,c 


III 























SPACE TECHNOLOGY ADDITIONAL INITIATIVE 


FORM IV 


TITLE Liquid/Solid Hybrid Propulsion for OTV DATE / / 

TTNO.7 -8-12 OR WORKING GROUP NO. grjV? 


with restart capability. 


JUSTIFICATION A lrquid/solid hybrid system will provide higher 
lsp than a solid and higher density than a liquid. In case of 

abort landings/ it is lighter than a solid and less hazardous tha 
a If 


TECHNICAL APPROACH/PLAN 

Application study to determine pay-off and establish design 


criteria. Review past technology related to liquid/solid hybrids. 


Determine the propellant combinations to be evaluated. Investiga 


burning and ballistic properties in small motors. Fabricate & 


test a prototype. 








LEVEL I BASIC Pilf NOMFN A OBSERV' D AND REPORTED !i COMPONENT OR OREAOBOARD TESEED IN RELEVANT 


SPACE TECHNOLOGY NEED 


1. TITLE 


FORM NO. I 

pageiofJL 


NO 7-8-10-12/P-1 4 

THEME /W.G./ TASK 


2. OBJECTIVE 

Improve performance, operational flexibility and derrpasp 


cost of solid propellant motors used in the advanced space transportation 


3. NEED ANALYSIS 

a) LEVEL NOW H] , WILL BE LEVEL 0 UNDER EXISTING PLANS. N 0 t approved 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL 0 FOR OPERATIONAL SYSTEM USE BY 1 DATE: 1985 1 

c) RISK IN ACHIEVING ADVANCEMENT: Note: Level 5 by 1980 

HIGH □ MEDIUM □ LOW Q 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING □ OR 

ENI -.NCING: HIGH 0 MEDIUM Q LOW Q 

e) TASKS NEEDED: STUDY □ ANALYSIS Q RESEARCH [7] 

GRDTEST0 AIR CRAFT TEST □ SPACE FLIGHT TEST □ 

OTHER (Specify) Q (Check one or more) 

f) R&T BASE CANDIDATE Yes 


4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY Materials suitable fnr hnt gag ualvp and rinpt, 
high strength composites, carbon ablatives, propellant formulations 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 


fabrication techniques for low cost nozzles; stop-restart; low cost, 




SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE2 0F_JL_ 


Solid Propulsion Advanced Technology Motor 


THEME / VW.G,/ TASK 


DATE 4 7 27 / 76 


6 . RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 




prototype motor demonstration tests including the technology items 




scaled motors de 


vehicles. 



7. ALTERNATIVE APPROACHES/OPTIONS Liquids and liou id /solid hybrid 
propulsion systems. 



















LEVEL 1. BASIC PHENOMENA OBSERVED AND REPORTED 5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

OF STATE 2. THEORY FORMULATEO TO OESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART 3. .THEORY TESTEO BY PHYSICAL EXPERIMENT OR " B. MODEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7. MODEL TESTED IN SPACE ENVIRONMENT 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


SPACE TECHNOLOGY NEED 


r TITLE —Atom i c/Met a li ^ -H ydrogen 
Pr o p u lsion - Technology 


FORM NO. I 
PAGE 1 OF 9 




N0-lri^8-9-lOllxl2/P 

THEME /W.G./ TASK 


DATE_iU 111 . Z£L 


2. OBJECTIVE 

D evelop basic technqlo g- y - t q- show the - - feasibility - of - manu f actu r 

I N G- A ND S T OR- LNG - ATOM IC- OR MET ALL IC W QUANT WES - MiE -D E O 

FOR... PRQPUI SION APPL ICATIONS. 


3. NEED ANALYSIS 

a) LEVEL NOW , WILL BE LEVEL 0 UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL P FOR OPERATIONAL SYSTEM USE BY 1 DATE: OQ QQ ~1 

c) RISK IN ACHIEVING ADVANCEMENT: _ 

HIGH P MEDIUM □ LOW (~J 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING Q OR 

ENHANCING: HIGH Q MEDIUM □ LOW □ 

e) TASKS NEEDED: STUDY g] ANALYSIS g] RESEARCH Q 

GRDTESTP AIRCRAFTTEST □ . SPACE FLIGHT TEST □ 

OTHER (Specify) Q (Check one or more) 

f) R&T BASE CANDIDATE V F q (FY 7 S - 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

TH£OEEIIQAL-SIODI£.S.-HAVE SHQWL.IhiAT_SJGNIFI.CAMI JNCREASES. IM. 


PERFORM A N CE - ( -1 7 00- I. SP -)- € A N-& E -AG W -EV E - B- I N- PROPDLS I O N SYS TE MS 



THESE— E&QEELLANIS TN T HF -QUAN T ITIES ..NEEDED IN. P-RnPUI.SJON- 


A P - P -^ C -AT-FO N S-j-- --- T O- B E T E RM I NE -THE1R--P HYST G-A L - P R OP ER-T-TE-S-AN& 
ASSESS. -THEIR APPLICATION. TO-PROEULS ION-SYSTEMS-. 


1/6 



SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 2 OF 2 


TITLE 


Atom i c„& Me ta llic -Hydrogen Prqpulsjon 

Technology 


no 1-7-8-9-1Q-11-124 pi/6 


THEME /W.G./ TASK 

DATE 4 / 27/ 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

... • Produce &MEA$_UfiE jirqper t ies o f . m et a llic hydrogen.. 



■AEELI.CAT.ION. 


• — Develo p storage capability tq -s to r e ato m ic a mctallic - -for m o 

7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

Resear c h on p roduct i on of a tomic & - met a llic hydrogen i - nprogress , 


9. TECHNOLOGY SCHEDULES 
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FUNDING (10 6 $) 
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LEVEL 1. BASIC PHENOMENA OBSERVED AND REPORTED 5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

OF STATE 2. THEORY FORMULATED TO OESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART 3, THEORY TESTEO BY PHYSICAL EXPERIMENT OR ' 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7. MODEL TESTED IN SPACE ENVIRONMENT 


SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 1 OF Jt 


1. TITLE 


2. OBJECTIVE 



THEME /W.G./ TASK 
DATE 4 1 11 i 76 





3. NEED ANALYSIS 

a) LEVEL NOW E] , WILL BE LEVEL E] UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL [Tj FOR OPERATIONAL SYSTEM USE BY I DATE: 19881 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM Q LOW (£] 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING (Tj OR 

ENHANCING: HIGH D MEDIUM □ LOW □ 

e) TASKS NEEDED: STUDY El ANALYSIS Q) RESEARCH □ 

GRDTESTEH AIR CRAFT TEST Q SPACE FLIGHT TEST QT] 

OTHER (Specify) Q (Check one or more) 

f) R&T BASE CANDIDATE Yes (FY 76 »200K, FY 78 »200K ) 


4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 



demonstrate fluid acquisition and control in reduced gravity for 






f 


SPACE TECHNOLOGY NEED 


TITLE 


STORAGE. SUPPLY AND TRANSFER OF 
CRYOGENIC FLUIDS IN SPACE 


FORM NO. I 
PAGE 2 OF t> 


THEME /W.G./ TASK 


______ PATE 4 / 27 / 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

°Continue current technology program 

°Flight verification 6f storage and acguisition system 


7. ALTERNATIVE APPROACHES/OPTIONS 


* 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 




9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 


FUNDING (10 6 $) 

INHOUSE 

CONTRACT 


IRHIIIIIIIIIIIIII 


.2 .2 .2 .2 .2 .2 .2 .2 


I IB E El IK IB PR K3 ID I 


















LEVEL 1. BASIC PHENOMENA OBSERVEO AND REPORTED 5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

OF STATE 2. THEORY FORMULATED TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART 3. THEORY TESTED BY PHYSICAL EXPERIMENT OR 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7, MODEL TESTEO IN SPACE ENVIRONMENT 

A. PERTINENT FUNCTION DR CHARACTERISTIC DEMONSTRATED 


r 

‘ — \ 

SPACE TECHNOLOGY NEED 

FORM NO. 1 


PAGE 1 OF 3 

1 . TITLE Liquid Hydroqen/Liquid Oxvaen Attitude 

MO. 1*7,8, 12/P-1/8 

Control Systems for OTV Application 

THEME /W.G./ TASK 


hat,: ^ /27 , 76 


2, S!i^i?J|} V fechnology for components of a LH o /L0X APS, such as thrusters. 

pumps, zero g reservoirs, and accumulators, and perform systems testina. 




3. NEED ANALYSIS 

a) LEVEL NOW HU, WILL BE LEVEL 0 UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL □ FOR OPERATIONAL SYSTEM USE BY [DATE: 1986 1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM [T] LOW □ 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING □ OR 

ENHANCING: HIGH Q MEDIUM [7] LOW □ 

e! TASKS NEEDED: STUDY □ ANALYSIS □ RESEARCH [£] 

GRDTEST0 AIR CRAFT TEST □ SPACE FLIGHT TEST [x] 

OTHER (Specify) Q (Check one or more) 

f) R&T BASE CANDIDATE _____ 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

Development of technology for LI-L/LOX system for OTV's, including small 
thrusters (25 to 100 lbs. thrust), small cryogenic positive displacement 

p umps, accumulators, controls, refill able zero g reservoir, and propellent 
s ystems. After component technology is completed, systems testing will be 
p erformed to evaluate control requirements and measure heat input effects 
t o thrusters and feed lines. Flight test demonstration as shuttle payload 
p ackage needed to fully show flight readiness of all aspects of this 
system technology. 




SPACE TECHNOLOGY NEED 


T,TLE Mquid Hydrogen/Liouid Oxygen 

Attitude Control Systems for OTV Application 


FORM NO. I - 
PAGE 2 OF _3 


no 7 ,8,12/P-l/8 

' THEME /W.G./ TASK 

DATE 4 / 27/ 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Cryogenic APS offers advantages of high performance, light total system 


weight, clean non-toxic exhaust, and commonality of propellants with main 


propulsion system. Thruster technology has been demonstrated at 1250 lbs. 


thrust but not at smaller sizes where thermal control problems are more 


difficult. Small thrust cryogenic engines must be specially designed for 


accurate thermal control so that rapid start-up is achieved with cryogenic 


7. ALTERNATIVE APPROACHES/OPTIONS 


S.^ENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

1 FY80 New Start (#317) - "Functional and Performance Verific a tion of an 
Integrated LH,/L0X APS" 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 


■MimiiiHiimmiM 

■■ : ; MSBEilHIHHHHI 


Fit Test on 


Shuttle Payload 


nSSSSlHHHH 

iniiR&saiiiii 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 


















SPACE TECHNOLOGY NEED 


FORM NO. I 


PAGE 3 OF 3 

1. TITLE Liquid Hydrogen/Liquid Oxygen 

Nn 7 ,8,12/P-l/8 

Attitude Control Systems for OTV 

THEME /W.G./ TASK 

Applications 

n atc 4,27,76 


( 6 ) CONTINUATION (If Needed) 

Block No. 


propellants entering a warm engine. Long life and small impulse bits 

are required to meet OTV requirements. For small 

pumps, rapid start-up 

and long life are needed which are difficult requirements for small cryo- 

genic positive displacement pumps. 








LEVEL I. BASIC PHENOMENA OBSERVED AND REPORTED 5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

OF STATE 2. THEORY FORMULATED TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART 3. THEORY TESTED BY PHYSICAL EXPERIMENT OR S. MODEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7. MODEL TESTED IN SPACE ENVIRONMENT 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


SPACE TECHNOLOGY NEED 


1. TITLE 


FORM NO. I 
PAGE 1 OF 2 


NO. 10/P-1/9 

THEME /W.G./ TASK 

DATE i / 28 ! 76 


2. OBJECTIVE 




bi propel! ants. 


3. NEED ANALYSIS 

a) LEVEL NOW (T) , WILL BE LEVEL GO UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL [ 7 ] FOR OPERATIONAL SYSTEM USE BY lDATE:1987 ~l 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM [Y] LOW Q 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING □ OR 

ENHANCING: HIGH 23 MEDIUM □ LOW □ 

e) TASKS NEEDED: STUDY Q ANALYSIS Q RESEARCH □ 

GRD TEST 53 AIR CRAFT TEST Q SPACE FLIGHT TEST □ 

OTHER (Specify) Q (Check one or more) 

f) R&T BASE CANDIDATE .Yes 


4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY None 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

Im 


by the development of new materials for thrusters and hard seats for 


valves. Increase the performance level by the test and evaluation of 
































LEVEL 1. BASIC PHENOMENA OBSERVED AND REPORTED 5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

OF STATE 2. THEORY FORMULATED TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART 3. THEORY TESTED BY PHYSICAL EXPERIMENT OR 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7. MOOEL TESTED IN SPACE ENV IRONMENT 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


r 

SPACE TECHNOLOGY NEED 

FORM NO. 1 

PAGE 1 OF 3 

1. TITLE RESISTOJET FOR (c) OTV MAIN PROPULSION, 

NO 7-12 P-1 11 

AUXILIARY PROPULSION SEP-NEP 

THEME /W.G./ TASK 


nATc 4 / 26/ 76 


2. OBJECTIVE 

DEVELOP A LONG LIFE, HIGH PERFORMANCE 

RESISTOJET CAPABLE OF 

USING MONOPROPELLANT HYDRAZINE OR LOW FREEZING POINT MONOPROPELLANTS 

UTILIZING ELECTRICAL HEATER POWER FROM EITHER NEP OR SEP SOURCES 



3. NEED ANALYSIS 

a) LEVEL NOW (TJ , WILL BE LEVEL S UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL QP FOR OPERATIONAL SYSTEM USE BY [ DATE: iqft4~l 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM Q LOW [x] 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING Q OR 

ENHANCING: HIGH Q MEDIUM QQ LOW □ 

e) TASKS NEEDED- STUDY □ ANALYSIS (T) RESEARCH [Y] 

GRDTESTflj AIR CRAFT TEST □ SPACE FLIGHT TEST □ 

OTHER (Specify) □ (Check one or more) 

f) R&T BASE CANDIDATE S2S0K for FY 7 fl 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY - 

RESISTQJET REQUIRES ELECTRICAL HEATER POWER FROM THE NEP OR SEP 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

(1) THRUST LEVELS MUST BE SCALED UP FROM PRESENT LOW LEVELS. 

(2) Resisto.iet utilizing low freezing point propellant (e.a. MMH) must 

hp devplnppd. 

(3) Improved long life heaters must be developed for HIPET - LFP 

propellant application. 

(41 Materials improvement program must be initiated. 


V J 



SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 2 OF 3 


TITLE RESISTOJET FOR (C) OTV MAIN PROPULSION SEP-NEP mo 7-12 P-1 11- 

THEME /W.G./ TASK 


DATE 4 / 26/ 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

(1) Complete hydrazine electrothermal thruster development at 22N thrust 

__ level . 

Develop a 22N HiPET H 

(3) Develop low freezing point full electrothermal thruster to pliminat.P 
thermal problem. 


(4) Develop HIPET typehoaters for use with carbon based low freezing point 

fuTIs. 


7. ALTERNATIVE APPROACHES/OPTIONS 


None 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

Auxiliary Electric Propulsion Systems 

RTOP 506-22-10 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 

S3 

m 

EZ3 

a 

m 


m 

EU 

m 

m 

m 


m 


m 


ISA 

Btl 


ES 

TASK ITEM 
( ] )22N EHT 

■ 

s 

i 

i 

i 

1 

■ 

■ 

i 

■ 

■ 

■ 

■ 

i 

■ 

i 

i 

i 

i 

i 

(2)22N HIPETH . 

■ 

■ 

a 

s 


1 

I 



■ 

a 

B 


a 

a 

a 

■ 

a 



( 3 ) LFP ET 

- 


■ 

s 


a 

a 

s 

□ 


B 

i 

a 

B 


a 

■ 



■ 




■ 

«■ 


s 


a 

i 

i 

m 


a 



I 


■ 

9 



B 

m 

B 

IBIBi 

■ 

m 




■ 

■ 

■ 

i 



a 

■ 

i 


■ 

■ 



■ 

at 


1 


(6)Life Test 


s 

K 

■ 


BF 

m 

■ 

■ 

■ 

■ 

■ 

■ 

■ 


■ 

fl 



B 

bn 



M 


■ 

■ 


■ 


a 


! 


a 

a 

a 

a 

■ 


a 

a 



■ 


■ 

■ 

a 

a 


a 

a 

a 

a 

a 

a 

a 

a 

a 


a 

■ 



i 



MANPOWER (M-Y) 
INHOUSE 


/ 

/ 

/ 

/ 

/ 















' CONTRACT 



5 

> 

X 

.2 















FUNDING (tO 6 $) 
IN HOUSE 


s 

id.*} 


ttt 

,-cZ 















V. CONTRACT 
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SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 3 OF .3 


1. TITLE RESISTOJET FOR (C) OTV MAIN PROPULSION 

NO 7-12 P-1 11 

SEP-NEP 

THEME /VV.G./ TASK 


- DATE 4 / 26 /. _ 76 


( 6 } CONTINUATION {If Needed) 

Block No. 

(5) Conduct a materials improvement program 

to prevent nitriding of 

thruster. 


Conduct long life testing of developed hardware in both the pulse 


and steady state mode of operation. 


\v / 





f SPACE TECHNOLOGY ADDITIONAL INITIATIVE FORM IV | 


| TITLE Hydrogen Resistojet C(OTV) DATE_&-/-2a_/_Zfi. 

1 TT NO. 7-12 QR WORKING GROUP NO. 

OBJECTIVE 

-OavalJtp-H.igh ISP moderate -thrns.t-.res i s to jet. 


JUSTIFICATION j 

P r es ent-r - e si s toje t s-u tiXi xe Jiy dral ine whi ch -pn )v . i -d e s-mode r -a te USE 


TECHNICAL APPROACH/PLAN 

1 . Design, fabricate, and conduct tests on high temperature Ho resistojet 

2. Conduct development on high temperature heaters 

3. Conduct life test program 

4. System developme n t and t est 


SCHEDULE 


SCHEDULE ITEM 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

TASK 

1 . Prototype 




X 

7 























V 

7 



















3. Life Test 






V 

7 















N 

4. System Dev. 








T 

7 















and Test 
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MANPOWER (M-Y) 
DUSE 



1 

1 

1 

l 

1 

1 













/TRACT 





















FUNDING (10 6 $) 
INHOUSE 



.0' 

. 0 ' 

. 0 ' 

.01 

.01 

.01 













CONTRACT 



.2! 

.2! 

.2! 

.2! 

.1C 

j3 














PROPOSED LEAD CENTER JSC 


RECOMMENDATIONS FOR FULLER DEVELOPMENT OF Ui.TlATIVE STATEMENT 


I. - J 




LEVEL I BASIC PHINOMrNAOBSERVrU AND REPORTED !>. COMPONENT OH BIIEAOBOARO TESTED IN RELEVANT 

OF STATE 1 IIIUIIIY I OIIMOLAIEU TO DESCRIBE PHENOMENA __ ENVIRONMENT IN THE LABORATORY 

OF ART :i THEORY TCSTEIJ BY PHYSICAL EXPERIMENT OR B MOOEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7, MOOEL TESTEO IN SPACE ENVIRONMENT 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


f 

SPACE TECHNOLOGY NEED 

s 

FORM NO. 1 
PAGE 1 OF ? 

1 . TITLE MPD Thruster Svstem Technoloav 

NO.7,8,9,10 ,11 ,12/P-1/12 

Readiness (SEP and NEP) 

THEME 1 W.GC/ TASK 

1 HATC A / 9 7 /7fi ! 




| large cargo earth orbit operations, will 

be brought to technology readiness.] 




3. NEED ANALYSIS 

a) LEVEL NOW Q] , WILL BE LEVEL QD UNDER EXISTING PL ANS.( includes new 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY lnltlatl ve ) 

AT LEVEL [7] FOR OPERATIONAL SYSTEM USE BY fo ATE: 1990 1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM Q LOW □ 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING Q OR 

ENHANCING: HIGH 0 MEDIUM □ LOW □ 

e) TASKS NEEDED: STUDY [x] ANALYSIS [£] RESEARCH Q 

GRDTEStG] AIR CRAFT TEST □ SPACE FLIGHT TEST [7) 

OTHER (Specify) Q (Check one or more) 


f) R&T BASE CANDIDATE 


-X£S- 


4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY Nuclear-thermonic power system development 


o r high power lightweight solar arrays, 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

I ncorporate recent research results on pulsed mode operating research 
devices into a high power level thruster capable of operating at steady 

t hruster improvement. Define an MPD Thruster System and initiate 

d evelopment of critical components. 









SPACE TECHNOLOGY NEED 


TITLE 


MPD Thruster System Technology Readiness 
(SEP & NEP) 


FORM NO. I 
PAGE 2 OF _2 


NQ 7.8.9. 10.11. 12/P-l/l 
THEME /W.G./ TASK 

DATE 4 / 27 / 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED I 

* 1 r 

1) Design, fabricate, and conduct tests on a high power MPD thruster. 


and lifetime. 


3) Develop thrust subsystem concepts. 


I 4) Design, fabricate & test critical system components. 


7. ALTERNATIVE APPROACHES/OPTIONS Lanje size Ion thrusters (^100 cm dia) 


8, CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

JPL FY78 new initiative on MPD thruster system technology readiness. 


9, TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 

Re search 

Breadboard 
Thruster 


ISSStnl 


SSSK4I 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 


HHimmniiiHM 


1.0 ID 














LEVEL I. BASIC Pill NOMrNA OBSEHVrU AND REPORTED ' V COMPONENT OK BREADBOARD TESrEO IN RELEVANT 

OF STATE /. IHIOHY I (IMMOLATED TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART :i THEORY TESTCLI BY PHYSICAL EXPERIMENT OR B MODEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MDOEL 7. MODEL TESTED IN SPACE ENVIRONMENT 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


f ' 

SPACE TECHNOLOGY NEED FORM NO. 1 

PAGE 1 OF L 

1. TITLE Hi qh Specific Impulse Flertrir. Propulsion N0.7,8,9,11,12/P1/13 
for Orbital Transfer Vehicle (OTV) THEME /W.G. /TASK 

DATE 4 / 28/ 76 

2. OBJECTIVE 

Provide the Technology for an Efficient High Specific Tmpnlco in n 

Thruster System for Orbit Raising from Low Earth Orbit to a Hiaher 

Orbit using Low Cost Inert Fuels 

3. NEED ANALYSIS 

a) LEVEL NOW (T| , WILL BE LEVEL GO UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL 171 FOR OPERATIONAL SYSTEM USE BY i DATE: loan 1 ! 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM □ LOW [jQ 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [7) OR 

ENHANCING: HIGH Q MEDIUM Q LOW □ 

e) TASKS NEEDED: STUDY [T] ANALYSIS □ RESEARCH 0 

GRDTEStQO AIR CRAFT TEST □ SPACE FLIGHT TEST 0 

OTHER (Specify) PI (Check one or more) 

f) R&T BASE CANDIDATE 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY High power, liqhtweiaht solar arrays. 

N.E.P. Power Source 



5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED j 

(1) Scaling of present thruster systems to required sizes 

(2) Efficient operation demonstrated op inert gases 

(3) Demonstration of adeauate total impulse per thruster module 








V J 





r 


SPACE TECHNOLOGY NEED 

FORM NO. 1 


PAGE 2 OF 

TITLE j S p Ei ec tric Propulsion for Orbital 

NO. 7 .8 t ,9.11 .12/P1/12-- . 

Transfer Vehicle 

THEME /W.G./ TASK 

SEP/NEP 

DATE 4/28/76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

(1) Define System Requirements 

(2) Design Thruster System 

(3) Incorporate into Existing Technology Program 


(4) Perform Directed R&T 


(5) Demonstrate Critical Performance Parameters 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

RTOP 506-22.-30. 5Q6-22-4Q 

Propulsion Pallet Experiment, SPHTNX B/C 

LeRC '78 .New Initiative to develop 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

TASK ITEM 
Define Rea. 























Design Sys. 























Baseline R&T 
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Directed R&T 



























Critical Tests 

























Flight Pro.i. 
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Flight 
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Pallet Tests 
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MANPOWER (M-Y) 
INHOUSE 

5 

7 

10 

20 

20 

20 
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CONTRACT 





















FUNDING (10 6 $) 
INHOUSE 


Jl. 

.5 

LI 

LS 

1,0 

1,0 

LQ 

1 .0 












V. CONTRACT 

._25 

,25 

.5_ 
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L0 

L0 
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LEVEL I. BASIC PHENOMENA OBSERVED AND REPORTED 5. COMPONENT OR BREADBOARD TESTEO IN RELEVANT 

OF STATE 2. THEORY FORMULATED TO OESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART 3. THEORY TESTED BY PHYSICAL EXPERIMENT OR 6. MOOELTESTEO IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7. MODELTESTED IN SPACE ENVIRONMENT 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


SPACE TECHNOLOGY NEED 


1. TITLE Solar Heated Hydrogen 

Th ru ster 


FORM NO. I 
PAGE 1 OF 3 


NO. 


1,7, 8, 9, . 


DATE L/l8/_j6_ 


2. OBJECTIVE 

7 To provide high specific Impulse In a low thrust 

p ropulsion system suitable for spacecraft . The use of (Pont) 


3. NEED ANALYSIS 

a) LEVEL NOW EJ , WILL BE LEVEL Q UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLO GY READY 

AT LEVEL □ FOR OPERATIONAL SYSTEM USE BY [DATE: 1990 ~1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH [X] MEDIUM □ LOW □ 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING □ OR 

ENHANCING: HIGH [J MEDIUM □ LOW Q 

e) TASKS NEEDED: STUDY Q ANALYSIS Q RESEARCH Q 

GRDTEST0 AIR CRAFT TEST □ SPACE FLIGHT TEST [x] 

OTHER (Specify) □ (Check one or more) 

f) R&T BASE CANDIDATE Yes 

4, COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY T.nrig f.pnm atovagp nf PTyngpris 

In space . 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

The system Is visualized as consisting of a solar energy 

collector, a form of a solar furnace, a heat exchanger, 

and a- nozzle. The concept is In heat hydr-ngiffn (stored as a - 

liquid) and expand It to a high exhaust veloci ty through 

a suitable nozzle. Technology Is required to provide a 
lightweight form of a solar furnace suitable for a spacecraft . 

















LEVEL 1 . BASIC PHENOMENA OBSERVE!) AND REPORTED 5 . COMPONENT OR BREADBOARD TESTED IN RELEVANT 

OF STATE 2. THEORY FORMULATED TO OESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART 3. THEORY TESTED BY PHYSICAL EXPERIMENT OR " 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT 


I 


SPACE TECHNOLOGY NEED 


1. TITLE 


FORM NO. I 
PAGE 1 OF & 


THEME /W.G. /TASK 


DATE_4_ uai. 


2. OBJECTIVE 




engine for orbit to orbit transfer of unmanned payloads and to 


provide attitude control capabilit 


3. NEED ANALYSIS 

a) LEVEL NOW 0, WILL BE LEVEL 0 UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL 0 FOR OPERATIONAL SYSTEM USE BY IdatE^oqq 1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM Q LOW Q 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING Q OR 

ENHANCING: HIGH0 MEDIUM Q LOW Q 

e) TASKS NEEDED: STUDY 0 ANALYSIS Q RESEARCH 0 

GRD TEST Q AIR CRAFT TEST Q SPACE FLIGHT TEST 0 
OTHER (Specify) Q (Check one or more) 

f) R&T BASE CANDIDATE 


4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY Laser— p owe r— t ra n s mi t-te r * 

Po w . er __ s . y _ s terns — (greate-r-.th.an — 1 — Mw-) — i n_ -qa&^- vry e _ o Yb 4- t - . - 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 


II 



rocket propellants. 





SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 2 OF 


^ ITLE Laser Propulsion System for Orbit. Tran<;fpr 
Vehicle. 


7 8-9- 10t 11 
N0._45j 


TH 


7 P 1 - A fe — 
EME / W.G. 


/TASK 


DATE 4/ / 27/ 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

o Continu e cur rent research on laser prnpulcinn 

o Conduct ground demonstration of a laser propulsion system 
o Conduct fl (yliL test erf a srcaleTnodel of a laser propulsion system - 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

Research on las e r heated rocket propulsion system*; 


9. TECHNOLOGY SCHEDULES 
FY 


CHEDULE ITEM 

B 1 

m 
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LEVEL 1. BASIC PHENOMENA OBSERVED AND REPORTED 5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

OF STATE 2. THEORY FORMULATED TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART 3. THEORY TESTED BY PHYSICAL EXPERIMENT OR 6. MOOEL TESTEO IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7. MODEL TESTEO IN SPACE ENVIRONMENT 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


r 

I SPACE TECHNOLOGY NEED 



FORM NO. 1 
PAGE 1 OF 3 

1. TITLE H/0 BELL NOZZLE ENGINE (ADVANCED SSME) 

Nn fi-10-12 P-1 17 


THEME /W.G./ TASK 


n atf 4 / 27 76 



2. OBJECTIVE „ 


PROVIDE AN ADVANCED SSME FOR HLLV. 


VEHICLE. IMPROVEMENTS WITH INCREASE Isp. EXPAND OPERATIONS 

CAPABILITY AND DECREASE ULLAGE & VFHTCI F WFTRHT /rw,P 



— 


3. NEED ANALYSIS 

a) LEVEL NOW 0] , WILL BE LEVEL □ UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL [J FOR OPERATIONAL SYSTEM USE BY I DATE: IQfiFS ~1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM [T] LOW Q 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING □ OR 

ENHANCING: HIGH QO MEDIUM Q LOW Q 

e) TASKS NEEDED: STUDY 0 ANALYSIS QT] RESEARCH [x] 

GRDTESTQO AIR CRAFT TEST □ SPACE FLIGHT TEST □ 

OTHER (Specify) 0 (Check one or more) 

f) R&T BASE CANDIDATE _Yes 


4. COMPLEMENTARY TECHNOLO^'^^^^Np^ : M^gl^'^ ) F^QUI|^J^^(^F|^E 


USE OF THIS TECHNOLOGY 

MATERIALS FOR HIGH TEMPERATURE TURBINE BLADES 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

COMPONENT TESTING FOR ZERO NPSH IN LOX PUMPS (LHg ZERO NPSH ALREADY 


FOR INCREASED^AMB£R_J > RESSUPE;_£NG1N F SYSTFM T FSTS T 0 -EXAM1N E-JRMS IENT- 


AND STEADY STATE PARAMETERS (SIMILAR TO J2S TESTIN G): IDLE MORE ANALYSES. 
AND DEMONSTRATION. 








SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 2 OF _3 


TITLE 


H/0 BELL NOZZLE ENGINE (ADVANCED SSME) 


NO. «-in-T?/P-l JLZ. 

THEME /W.G./ TASK 

DATE 4/29/76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Study engine system to quantify potential improvements; acquire 


7. ALTERNATIVE APPROACHES/OPTIONS 


Standard SSME 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

RTOP in planning stage 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 



Tech. Ac 


Subsvst. Tes 



■■■■■■■■ 

■■■■■■IS 



MANPOWER (M-Y) 

INHOUSE 

CONTRACT 

FUNDING (10 6 $) 

IN HOUSE . 
t CONTRACT 


.5 I2.d2.d3.d5. 



SPACE TECHNOLOGY NEED 


FORM NO. I 

PAGE 3 OF ,._3 

; r-iwTimn irti n mn » n mm mm hm nwr ■ imr fc—min nm n — m iwmtn mi n im ii mnur TTi iir-iTi'- i infnM i -iniirrr-T~f i nr — r am — o 

1. TITLE H/0 BELL NOZZLE ENGINE NO. 8 -10t12 M 17 

(ADVANCED SSME) THEME / W.G. /TASK 

DATE .4... /_ 27 / 76 

( 2 ) CONTINUATION (If Needed) 

Block No. 

ADVANCED VEHICLE STUDIES HAVE INDICATED A PRIME NEED FOR EXTENDIBLE 


NOZZLES. THE SSME EXPERIMENTAL ENGINE IS IDEAL FOR PROVIDING THIS 
TECHNOLOGY WHICH IS READILY TRANSFERABLE TO OTHER ENGINE CONFIGURATIONS. 

BY PROVIDING IDLE MODE CAPABILITY IN THE SSME, IT MAY BE POSSIBLE TO 

ELIMINATE THE NEED FOR AN ORBIT MANEUVERING SYSTEM IN THE ORBITER OR 
THE 2ND STAGE OF AN HLLV, OR HLLVg. IDLE MODE AND ZERO NPSH ARE 
ATTRACTIVE METHODS FOR UTILIZING PROPELLANT RESIDUALS. ZERO NPSH ALS0~ 


DECREASES THE REQUIRED PROPELLANT ULLAGE PRESSURES, AND CONSEQUENTLY 



EXPANSION RATIO MADE POSSIBLE BY INCREASED CHAMBER PRESSURE. PRELIMINARY 








SPACE TECHNOLOGY NEED 



FORM NO. 1 
PAGE 1 OF ^ 

1. TITLE AIR AUGMENTATION OF EARTH TO ORRTT 

~ NO._p-T? P-l iq 

SOLID RGCKETJNGINES 

THEME / wIg.7 TASK 

nATF 4 /27 '76 



2. OBJECTIVE 

To provide a 5 to 7 percent increase in booster enginer 


i >. O 

i | SE j 

» p > ; 


<s£i 
S < 5! 

o O!. I 

< ^ e ; 

UJ I ^ 

® a* z ; 


> o o 
z o o 
ujSZ 


< 

ee 

< 


< 5 


, < K 


I sp... through air augmentation 


3. NEED ANALYSIS 

a) LEVEL NOW [2 , WILL BE LEVEL [ 3 ] UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

1 AT LEVEL Q FOR OPERATIONAL SYSTEM USE BY I DATE: ]Qg5 1 

c) RISK IN ACHIEVING ADVANCEMENT: 

’ HIGH Q MEDIUM Q LOW Q 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING □ OR 

ENHANCING: HIGH (Tj MEDIUM □ LOW □ 

e) TASKS NEEDED: STUDY □ ANALYSIS 0 RESEARCH □ 

GRDTEStGD Al R CRAFT TEST □ SPACE FLIGHT TEST Q 

OTHER (Specify) Q (Check one or more) 

f) R&T BASE CANDIDATE 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

Air augmentation is currently used in cruise missile applications 
where essentially steady state operation is achieved. Launch vehicle 
benefit will be determined where altitude variation results in 

■ tr an sient op er a- tin g co n d iti o n s. — A naly s i s ern d -p eel im i- nary -dat a 

in dica te a 5 t o 7 p er ce nt i nc rea s e - in I sp- may b e r e alized. 


— 

SPACE TECHNOLOGY NEED 

FORM NO. 1 
PAGE 2 OF & 


TITLE AIR AUGMENTATION OF EARTH TO ORBIT 

NO. R-12/P-1/-19 


SOI TD ROCKFT FNGTNES 

THEME /W.G./ TASK 


— DATE 4 /27 / 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

°Conduct R & T studies to develoD conceDt and verify overall benefit 

°Condnct_gEound based tests and subscale flight 
exDerimentallv the Derformanre aains 

test to verify 




°r.nnHi(rt full cralp flight vpH f i rati on tpct 




7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 


9. TECHNOLOGY SCHEDULES 


FY 


SCHEDULE ITEM 
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Concept. Verif. 

i 

1 

■ 

■ 

■ 

■ 

i 

■ 

■ 

■ 

i 

■ 

i 

i 

■ 

■ 

■ 

i 

i 

i 

Suhsralp Fit. 

■ 

■ 

i 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 


■ 

■ 

Test 






■ 








i. 



■ 

■ 



Full Scale 




■ 

■ 

■ 

■ 






g 

■ 



■ 

a 



Fit. Test 






— 








■ 



■ 




































































MANPOWER (M-Y) 
INHOUSE 


.1 

.5 

3 

3 

3 

2 














CONTRACT 
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LEVEL 1. BASIC PHENOMENA OBSERVED AND REPORTED 5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

OF STATE 2. THEORY FORMULATED TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART 3. THEORY TESTED BY PHYSICAL EXPERIMENT OR 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MOOEL 7. MODEL TESTED IN SPACE ENVIRONMENT 

4, PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


f 

SPACE TECHNOLOGY NEED 

FORM NO. 1 
PAGE 1 OF 3 

1. TITLE Liquid Hydrogen/Liquid Oxygen 

NO 1, 8, 10,12 /P-1 /20 

Attitude Control Systems for 

THEME /W.G./ TASK 

Launch Vehicles (HLLVi) 

r>ATc 4 / 28/ 76 


2. OBJECTIVE ^ ^ 

Develop technology for components of 

a LHp/LOX APS , such as 

thrusters, pumps, zero "g" reservoir 

, and accumulators, and 

perform systems testing. 



3. NEED ANALYSIS 

a) LEVEL NOW GO , WILL BE LEVEL OQ UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL (73 FOR OPERATIONAL SYSTEM USE BY loATE: 1985 1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM [x] LOW □ 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING □ OR 

ENHANCING: HIGH Q MEDIUM [xj LOW □ 

e) TASKS NEEDED: STUDY □ ANALYSIS □ RESEARCH £] 

GRDTEST{x] AIR CRAFT TEST Q SPACE FLIGHT TEST [x] 

OTHER (Specify) □ . (Check one or more) 

f) R&T BASE CANDIDATE Yes 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

Development of technology for LHo/LOX systpm fnr> 

launch vehicles. Including thrusters (800 to l^ROn Ths. thrus t | 
small cryogenic positive displacement pumps, accumulators, 

controls, refillable zero "g" reservoirs, and propellant 

systems. After component technology Is completed, sysf.pms 
testing will be performed to evaluate control ■ppqnfrpmpnFs 
and measure heat Input e ff ects t o thrusters anri upog , 

Plight test demonstration of a subsea I e svRtpm as Shnf.Fio 

payload package needed to fully show flight rfi a dl npss nf a~n 
aspects of this system technology. : 

/ 



SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 2 OF 3 


TITLE 


Liquid Hydrogen/Liquid Oxygen 
Attitude Control Systems for Launch 
Vehicles 


NO. 1. a. 10. 12 /P-1/20 

THEME /W.G./ TASK 

DATE H / 28/ 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Cryogenic APS offers advantages of high performance, low total 
system weight, clean non-toxic exhaust , and commonality of 
propellants wi th main propulsion system. Thruster tec h nology 
has been pursued at 1,250 lbs, thrust which showed that liquid 

cryogens could be successfully used in a pulsing attitude 

control thruster. The expected problems of thermal (continu ed ) 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

506 - 21-11 

FY 80 New Start (# 117 ) - "Functional and Performance 
Verification of an Integrated LHo/LOX APS." 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


76 


77 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


92 


93 


94 


95 


TASK ITEM 

System Analysis 


Te 

Rel 


2h 

id: 


pod 


ne 


Thruster Tech. 


System Compon- 


ent Technology 


Systems Testing 

imsss. 


Test on Shuttle 


Payload 
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FUNDING (10 6 $) 
INHOUSE 
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SPACE TECHNOLOGY NEED 

FORM NO. 1 


PAGE 3 of 3 


1. TITLE Liquid Hydrogen/Liquid Oxygen 


Attitude Control Systems for 

Launch Vehicles 


NO 1,8,10,12/P-1/20 


THEME /W.G./ TASK 


DATE. 


_ 4/28 / 76 _ 


( 6 ) CONTINUATION (If Needed) 

Block No. 

control, performance, ignition, and combustion stability were 


solved. However, additional work is needed on performance, 


cooling, and thruster life. Additional component work is 


needed on small cryogenic positive displacement pumps. 


accumulators, zero "g" refillable tanks, propellant feed lines 


and manifolds, and system controls. 









LEVEL 1. BASIC PHENOMENA OBSERVED ANO REPORTED 5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

OF STATE 2. THEORY FORMULATED TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART 3. THEORY TESTED BY PHYSICAL EXPERIMENT OR 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7. MODEL TESTED IN SPACE ENVIRONMENT 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


r 

SPACE TECHNOLOGY NEED 

> 

FORM NO. 1 
PAGE 1 OF 3 

1 . TITLE Auxiliary Propulsion, Low Cost Space 

NO 12 / P-1 / 21 

Propellants for QTV, HLLV,, HLLV„, and Advanced 
Vehicle 

THEME /W.G./ TASK 
DATE 4/27/76 

2 - ^ J |9Jiy^te the ignition, combustion, and cooling characteristics of 1 

[ low cost, high density impulse propellants (such 

as LOX-Propane) under i 

space # start, restart, and steady state conditions. This technology is 

— (Cmt'd-on- pace 3.1 - ~ ' ~ 


3. NEED ANALYSIS 

a) LEVEL NOW Q) , WILL BE LEVEL QD UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL Q FOR OPERATIONAL SYSTEM USE BY Id ATE: 1985 1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM 0 LOW □ 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING Q OR 

ENHANCING: HIGH [F] MEDIUM Q LOW □ 

e) TASKS NEEDED: STUDY Q ANALYSIS Q RESEARCH □ 

GRDTEStQQ Al R CRAFT TEST □ SPACE FLIGHT TEST □ 

OTHER (Specify) Q (Check one or more) 

f) R&T BASE CANDIDATE 

4, COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

The following is required: ignition characteristics, performance, 

c ooling capability, and combustion stability. 


V J 






f 

SPACE TECHNOLOGY NEED 

FORM NO. 1 
PAGE 2 OF 3 


TITLE Auxiliary Propulsion, Low Cost Space Propellants 

NO 12/ P-1 / 21 


for OTV, HLLV-j, HLLV ? , and Advanced Vehicle 

THEME /W.G./ TASK 
DATE 4 / 27 / 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Conduct limited survey of low cost and high density fuels and oxidizers for 


both prdssure-fed and pump-fed systems. Conduct single element and subsea 1 e 

firings over a range of propellant temperatures, pressures, and mixture 

ratios. Ph otograph ic coverage shall be conducted to obtain qualitative 

u nderstanding of the measured data (C* P r> Q/P, etc.). Full scale injector 

firings Qf a. limited number_of the most promising propellants shall be con- 
— -tCon t -imted- on -pag e -? ") - — - 

7. ALTERNATIVE APPROACHES/OPTIONS 

Use less dense 0-H system with its inherent complexity and packaging problems 

or pay increased costs of amine fuel, if available. 

ITcURR ENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

None. 


9. TECHNOLOGY SCHEDULES 


FY 


SCHEDULE ITEM 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

TASK ITEM 
Analysis 
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Fab. & Test. 





















Full Scale Des. , 
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SPACE TECHNOLOGY NEED FORM NO. 1 

PAGE 3 OF 3 

1. TITLE Auxiliary Propulsion, Low Cost Space NO. 12 / p "l i 21 

Propellants for OTV, HLLVp HLLV 0 , and THEME /W.G./ TASK 

Advanced Vehicle 1.. DAT £ 4/27/76 

( 2 & 6 ) CONTINUATION (If Needed) 

Block No. 

Objectives (Cont'd) - 

required at this time so that development can be initiated if FY81 to 

meet the 1985 operational use date. 


This technology is required so that the amine fuel presently being used 

in the shuttle OMS and RCS can be replaced with a more easily available 

and cheaper fuel. The cost of amine type fuels has risen from the begin- 

ning of the shuttle program from approximately $4/lb. to $8/1 b . Hydro- 

carbon fuels can be obtained for less than 50tf/lb. In addition, amine 

fuels are becoming more difficult to process due to environmental problems. 

so it is necessary to have a replacement available in event that production 

is sharply cut back and/or costs increase excessively. 


Recommended Approach/Program Plan to Accomplish Need (Cont'd) - 

ducted. Vacuum ignition, heat flux, performance and combustion stability 

shall be investigated. 


V — ) 




SPACE TECHNOLOGY ADDITIONAL INITIATIVE 


FORM IV 


TITLE Low Cost Propellant Auxiliary Propulsion DATE-i-/-22-/-Zfi. 

Technology for Adv. Shuttle TTNO. or working group NO.P -l/Task 2& 


Po^fefreVop technology for low cost hydrocarbon fuels for RCS and QMS 
propulsion for Shuttle improvements and advanced launch vehicles. 


JUSTIFICATION Low cost, (and.. h.i ghet_performanr.fi) propellant .comUi nations.*- 
such as LOX-propane, are needed to replace the earth storables now used on 
Shuttle. 


TECHNICAL APPROACH/PLAN 

Work will be initiated on both attitude control thrusters of about 1000 lbs. 

thrust and a pump-fed QMS engine of about 6000 lbs, thrust. Various 

hydrocarbon fuel/LOX propellant combinations will be evaluated and one 

selected for experim e ntal work on injectors, thrust chambers, engine cycle 
studies, and pumps. . 


SCHEDULE 


FY 



SCHEDULE ITEM 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 
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88 

89 

90 

91 

92 

93 

94 

95 
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TASK 
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RCS Thruster Tech. 
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OMS Cycle Study 
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PROPOSED LEAD CENTER LeRC in consultation with JSC 


RECOMMENDATIONS FOR FULLER DEVELOPMENT OF INITIATIVE STATEMENT 





LEVEL 1. BASIC PHENOMENA OBSERVED AND REPORTED 5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

OF STATE 2. THEORY FORMULATED TO OESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART 3. THEORY TESTED BY PHYSICAL EXPERIMENT OR 6. MOOEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MOOEL 7. MOOEL TESTEO IN SPACE ENVIRONMENT 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 1 OF _ ? 


1. TITLE rifted Hydrngen/Oxygen . Propul s i on NO. ig/pi/22 

System for Launch Vehicles 


fHE’ME/W.G' T TASK 
DATE L /.ZB/ 


2. OBJECTIVE 


Provide the technology base for large hydrogen/oxyge nj 


e ngines operating at chamber pressures greater than R000 psi, 
a nd employing unconventional configurations. 


3. NEED ANALYSIS 

a) LEVEL NOW 0 , WILL BE LEVEL 0 UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLO GY READY 

AT LEVEL □ FOR OPERATIONAL SYSTEM USE BY IqatE: 199 Ol 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM g LOW □ 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING 0 OR 

ENHANCING: HIGH Q MEDIUM 0 LOW 0 

__ " y 

e) TASKS NEEDED: STUDY Q ANALYSIS [j RESEARCH 0 

GRDTEST(X] AIR CRAFT TEST □ SPACE FLIGHT TEST □ 

OTHER (Specify) Q (Check one or -more) 


f) R&T BASE CANDIDATE 


Yes 


4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY None _ 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

M aterial research to enable higher turbine inlet temperatures 
a nd extended low cycle fatigue life for combustor components, 

i mproved - long - life bearings - ana s e als . Conc e ptual — design — — 

s tudies and subsequent system demonstration programs are 

r equired for the geometric configurations being considered. 

T hey are: Bell nozzles; linear/aerospike ; and plug cluster. 

The thrust level being considered is 350K to 1000K lbf. 




SPACE TECHNOLOGY NEED 


TITLE 


Advanced Hydrogen/Oxygen Propulsion 


.. Sy s tem— f og - LauRc fe - - ¥efa A-6- l -e- s - 


FORM NO. I 
PAGE 2 OF 2_ 

NO. 11 ,12/ El/22 

THEME /W.G. /TASK 

DATE 4 / 28/ 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Material Inve stigations should be initiated immediately. For 

the unconventional configurations, system studies are 

required to determine design criteria and component operating 


levels (temp., pressure, etc.) . E.s_t.ab.lishiaenfc_oX... c.Qiap oment 

technology base is followed by fabrication & test of breadboar d 
systems . 


7. ALTERNATIVE APPROACHES/OPTIONS 


None 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

R T QP' .s 5 06-PI - 11 -and 1/9.0^ 4 .0 - 12,. 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


76 


77 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


92 


93 


94 


95 


TASK ITEM 
Mt'l. Invest. 


S ystem Studies 


C omponent Dev. 


System Fab. 


Sys.Test (Aero 


Syst..Tes-t _jDua. 


C onfig. Select 


K7 


Development. 


MANPOWER (M-Y) 
INHOUSE 


2 

2 

2 

3 

3 

3 














j CONTRACT 





















FUNDING (10 6 $) 
INHOUSE 





















^ CONTRACT 
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Li 
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LEVEL 1. BASIC PHENOMENA OSSERVEO AND REPORTED 5, COMPONENT OR BREADBOARD TESTEO IN RELEVANT 

OF STATE 2. THEORY FORMULATED TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART 3. THEORY TESTEO BY PHYSICAL EXPERIMENT OR 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7. MODEL TESTEO IN SPACE ENVIRONMENT 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


SPACE TECHNOLOGY NEED 


1. TITLE High Performance LOX/Hydrocarbon 
Propulsion Systems for Booster Applications 
(HLLVoj 


FORM NO. I 
PAGE 1 OF 3 


MO 1.8.12/P-1/23 

THEME /W.G./ TASK 

DATE i_ A- 28 / 76 


hnoloqy for high performance LOX/hydrocarbon propulsion systems 


including bell nozzle types, aerospike/1 inear engines, and plug cluster 


arrangements for booster applications. 


3. NEED ANALYSIS 

a) LEVEL NOW QD , WILL BE LEVEL CD UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL 0 FOR OPERATIONAL SYSTEM USE BY [DATE: 19951 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM [x] LOW □ 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING □ OR 

ENHANCING: HIGH Q] MEDIUM □ LOW □ 

e) TASKS NEEDED: STUDY QO ANALYSIS Qj] RESEARCH (j) 

GRDTESTQD AIR CRAFTTEST □ SPACE FLIGHT TEST □ 

OTHER (Specify) □ (Check one or more) 

f) R&T BASE CANDIDATE Yes 


4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

High performance LOX/hydrocarbon propulsion systems are needed for future 


booster applications that provide high specific impulse, compact size, high 


thrust/weight ratio, reusability, and use high bulk density propellants. 


A variety of engine cycles and configurations are applicable including 


high pressure bell nozzle engines, plug cluster, or linear/aerospike (plug 


nozzle) types that provide high specific impulse at sea level and throughout 


the flight by the use of altitude compensating nozzles. 
















SPACE TECHNOLOGY NEED 


FORM NO. I 

PAGE 2 OF 3 


TITLE High Performance LOX/Hydrocarbon Propulsion N0 1 ,8,12/P-l/23 


Systems for Booster Applications 


THEME /W.G./ TASK 


DATE 4/ 28/ 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Technology program should include: engine and vehicle studies; determina- 

tion of relative advantages of various engine types; thrust chamber cooling 
studies with fuel, oxidizer, or auxiliary coolant; studies of various candi- 
date hydrocarbon fuels, such as methane, propane, RP-1 , RJ-5, and other 
intermediate density or heavy hydrocarbon fuels to evaluate their perform- 
ance, cooling capability, and operational problems; engine component tech- 
— (See~page 3:) 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

790-40-12. 506-21-11. 506-21-10 

FY79 New Start #305, "Plug Cluster Engine Demonstration" 

FY80 New Start #307, "Comp. Tech, for High Press. LOX/Hydrocarbon Booster 
~ BrnrirreT 41 ' 


9. TECHNOLOGY SCHEDULES 
FY - 


SCHEDULE ITEM 


m 

SI 

.SP 



78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


92 


93 


94 


95 


TASK ITEM 
Eng. & Vehicle 


V 


Tec 

Re< 


h. 
dirjes^ 


IOC 


Studies 




VP” 


n 

c 

d 

e 


Hi Dens. Fuel Sty 


Af 


V 


Hi Pres. Eng. Ccmj 


ponent Tech (#307) 


PTug” 


Hill 


A- 


FTJemo 


V 


Breadboard Eng. 


A- 


£ 


Demonstration 


MANPOWER (M-Y) 
INHOUSE _ 


CONTRACT 


FUNDING (10 6 $) 
INHOUSE 


CONTRACT 





SPACE TECHNOLOGY NEED 


1. TITLE 


Propulsion Systems for 


FORM NO. I 

PAGE 3 OF J 


0 1.8,1 2/P-1/23 

THEME /W.G. /TASK 


DATE. 


4 / — I 76 


( ) 
Block No. 


CONTINUATION (If Needed) 


Elilb I u» ijj fcia kh gj I 


critical components, such as fuel and oxidizer rich preburners, main 


injector, thrust chamber and main fuel turbopump; pressure-fed breadboard 


testing of preburners, main injector, and thrust chamber. 


Supporting work is needed on low cycle thermal fatigue life of thrust 


chambers, turbopump bearings and seals, high temperature turbine materials. 


and cold and hot flow evaluation of plug cluster arrangements to determine 


nozzle performance losses. 















LEVEL 1. BASIC PHENOMENA OBSERVED AND REPORTED 5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

OF STATE 2. THEORY FORMULATED TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART 3. THEORY TESTED BY PHYSICAL EXPERIMENT OR 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7. MODEL TESTED IN SPACE ENVIRONMENT 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


SPACE TECHNOLOGY NEED FORM NO. I 

PAGE 1 OF 3 

1 . TITLE High Performance Dual Fuel Engines NO. 1.8.12/P-l / 24 

for Booster Applications (HLLV 2 ) THEME /W.G./ TASK 

, — DATE 4 /iL.8 / _7§ 

2. OBJECTIVE 

Develop technology for advanced dual fuel engines for hydro-_ 
carbon/LQX/hydrogen propellants for use on advanced boosters 
using mixed mode propulsion. 

3. NEED ANALYSIS NOTE: {Z} For Dual Throat Config. 

a) LEVEL NOW El , WILL BE LEVEL E] UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLO GY READY 

AT LEVEL E] FOR OPERATIONAL SYSTEM USE BY loATEiiqqq" ~1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH 0 MEDIUM □ LOW Q 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING □ OR 

ENHANCING: HIGH 0 MEDIUM Q LOW □ 

e) TASKS NEEDED: STUDY (x} ANALYSIS 0 RESEARCH £] 

GRDTEST{xJ AIR CRAFT TEST Q SPACE FLIGHT TEST □ 

OTHER (Specify) Q (Check one or more) 

f) R&T BASE CANDIDATE Yes 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY . 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

Dual fuel engines are applicable to advanced boostpr-B using 
mixed mode propulsion. The dual fuel ...engine burns hi gh 
density propellants, such as LOX/hydrooarbon early In th*? 
flight and switches to LOX/LH? later in the flight. Various 

engine configurations are applicable, including: high 

pressure staged combustion engines, LOX cooled: high pressure 
tripropellant engine, H ? cooled ; dual throat e ngine: split: 
combustor aerosplke, etc. 




ORIGIN AE PAGE 18 
OF POOR QUALITY! 


SPACE TECHNOLOGY NEED 


TITLE High Performance Dual Fuel Engines 
for Booster Applications 


FORM NO. I 
PAGE 2 OF 


NO 1.8. 12/ P-1 hk 

THEME /W.G./ TASK 
DATE 4 /28 / 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Perform studies to evaluate use of mixed mode propulsion usi 


dual fuel engines for advanced boosters. Perform engine 


trade-off and parome t ric studies to determine fuel and oxidize r 
combinations, engine turbopump drive cycle, cooling method, and 


component preliminary design for selected thrust levels in the 


range from 500,000 to 1,500,000 pounds. Perform (continued) 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES {RTOP, OTHER) 

506-21-11, 790-40-12. PY 79 New Start #305, "Plug Cluster 


LOX/Hydrocarbon Booster 




















SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 3 OF 3 


1. TITLE High Performance Dual Fuel Engines Nn.l»8jl2 /P-1 / 2 


for Booster Applications THEME /W.G. / TASK 


DATE_L/28/_ll 


( 6 ) CONTINUATION (If Needed) 

Block No. 

component technology programs based on selection of critical 


components for the engine configuration and propellant 


combination selected.. 


The technology in this area is supported by work on high 


pressure H 2 -O 2 booster engines and high performance LOX/ 


hydrocarbon engines and also requires additional work on 


specific problem areas related to the use of two propellant 


combinations in the same engine. 


if+M i: 


IS 


UALITY 









LEVEL I. BASIC PHENOMENA OBSERVEO AND REPORTED 5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

OF STATE 2. THEORY FORMULATED TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART 3. THEORY TESTED BY PHYSICAL EXPERIMENT OR 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7. MODEL TESTED IN SPACE ENVIRONMENT 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


f 

SPACE TECHNOLOGY NEED 

N 

FORM NO. 1 
PAGE 1 OF 3 

1 . TITLE Liquid Hydrogen/Liquid Oxygen 

Nn 1 ,8,10,12/P-l / 25 

Attitude Control Systems for Launch 

THEME /W.G./ TASK 

Vehicles (Adv. Vehicle) 

HATF / 7fi 

V 

2 " *?)evi < fop V fechnology for components of a LHp/LOX 

APS, such as thrusters. 

pumps, zero "g" reservoir, and accumulators, and perform systems 

testing. 



3. NEED ANALYSIS 

a) LEVEL NOW OEJ , WILL BE LEVEL CD UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL (D FOR OPERATIONAL SYSTEM USE BY I DATE: 1990 ~| y 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM (7) LOW □ 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING □ OR 

ENHANCING: HIGH □ MEDIUM [7] LOW □ 

e) TASKS NEEDED; STUDY Q ANALYSIS Q RESEARCH Q 

GRDTESTfx] AIR CRAFT TEST □ SPACE FLIGHT TEST 0 
OTHER (Specify) Q (Check one or more) 

f) R&T BASE CANDIDATE Yes 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY ' 


5, SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED X 

Development of technology for LH ? /L0X system for advanced launch 

vehicles, including thrusters (800 to 1,500 lbs. thrust), small 
cryogenic positive displacement pumps, accumulators, controls, 
ref i Vi obi e zero "g" reservoirs, and propellant systems. After 
component technology is completed, systems testing will be performed 
to evaluate control requirements and measure heat input effects to 
thrusters and feed lines. Flight test demonstration of a subscale 
system as Shuttle payload package needed to fully show flight 


readiness of all aspects of this system technology. 





SPACE TECHNOLOGY NEED 


FORft/LNO. I 


PAGE 2 OF 


T,TLE Liquid Hydrogen/Liquid Oxygen 

Attitude Control Systems for Launch 
Vehicles 


Mn 8,10,12/ P-1 / 25 
THEME /W.G./ TASK 


DATE 


4 ; 28 / 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Cryogenic APS offers advantages of high performance, low total 


system weight, clean non-toxic exhaust, and commonality of 


propellants with main propulsion system. Thruster technology 


has been pursued at 1,250 lbs. thrust which showed that liquid 


cryogens could be successfully used in a pulsing attitude control 


thruster. The expected problems of thermal (continued) 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

506-21-11 


FY 80 New Start (#317) - "Functional and Performance Verification 


of an Integrated LH2/LOX APS." 




9. TECHNOLOGY SCHEDULES 

FY 



SCHEDULE ITEM 


TASK ITEM 
System Analysis 


Thruster Tech. 


Systan Compon- 


ent Technology 



■ ■■■■■■ 

Inin 


Pay! oad 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 


j FUNDING (10 6 $) 

INHOUSE _j 

CONTRACT 



















LEVEL 1. BASIC PHENOMENA OBSERVED AND REPORTED 5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

OF STATE 2. THEORY FORMULATED TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART 3. THEORY TESTED BY PHYSICAL EXPERIMENT OR 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7. MODEL TESTEO IN SPACE ENVIRONMENT 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


/ 

SPACE TECHNOLOGY NEED 

FORM NO. 1 
PAGE 1 OF 3 

1 . TITLE High Performance H 2 -O 2 Reusable Propulsion 

no 1 ,7,8,9,11 .12/P-1/26 

Systems for Orbit Maneuvering System (OMS) 
Applications 

THEME /W.G./ TASK 
DATE 4 / 28 /_ 76 

2 OBJECTIVE 

Develop technology for high performance 

reusable H?-0? space 

propulsion systems including staged combustion bell nozzle, expander 

cycle bell nozzle, and aerospike engines. 


3. NEED ANALYSIS 


a) LEVEL NOW GO , WILL BE LEVEL (Q UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL 0 FOR OPERATIONAL SYSTEM USE BY j'pATE: 1990 ] 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM [x] LOW □ 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING □ OR 

ENHANCING: HIGH Q MEDIUM [TJ LOW Q 

e) TASKS NEEDED: STUDY [T] ANALYSIS (TJ RESEARCH 0 

GRDTESTQQ At R CRAFT TEST □ SPACE FLIGHT TEST □ 

OTHER (Specify) Q (Check one or more) 

f) R&T BASE CANDIDATE ^ 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

a) Staged combustion bell nozzle engine (ASE)- Continue LeRC component 
technology program on thrust chamber, main fuel and oxidizer turbopumps, 
preburner, main injector, low cycle thermal fatigue chamber life, 
turbopump bearings and seals, and boost pump multi roller drive system. 
Expand program with FY '78 new initiative #119, "Reusable Engine Systems 
Test (RECEST)," to obtain data on operation of the powerhead breadboard 
assembly of staged combustion cycle engine and aerospike engine breadboard. 

b) Aerospike expander cycle engine - Complete planned LeRC program on 
testing of 25K thrust aerospike chamber. Work also need ed on thermal 
fatigue life of segments of chamber and breadboard system test using 

i (Continued on page 3) ^ 





r 

SPACE TECHNOLOGY NEED 

\ 

FORM NO. 1 


PAGE 2 OF 3 

TITLE High Performance H 2 -O 2 Reusable Propulsion 

Nn 1 ,7 ,8,9,11 ,12/P-l/26 

Systems for Orbit Maneuvering System (0MS) 

THEME /W.G./ TASK 

Applications 

DATE 4 / 28/ 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

High performance reusable engines are needed for QMS applications using 
hydrogen-oxygen propellants to reduce system weight, provide commonality 
with main propulsion, APS, and fuel cells, thereby reducing cost. H 2 -O 2 
systems are inherently clean, have non-toxic exhaust, and good reusability 
aspects. High pressure engines are desirable to provide maximum specific 
impulse in a small compact package and minimize en gine weight. Slush 

l C.nrt 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

506-21-11, 506-21-12, 910-03-01 


FY '78 New Start #119, "RECEST - Reusable Cryogenic Engine Systems Test." 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 
Staged Comb. Eng. 


Tech. Program 


Aerospike Tech. 


RECEST (#119) 


Slush Cryogens 


Reusable Cryogen 


Insulation Syste 


ASE with Boose Pu 




R Te 

0 te 


0 10 

0 


■ESSSaMH 

■ESSSIHH 

!■■■■■■ ■■■ 
SBS 3IIIII 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 























SPACE TECHNOLOGY NEED 


PAGE 


FORM NO. I 

OF 3 


1. TITLE High Performance H ? -0 9 Reusable Propulsio n no. 1 ,7,8,9,11 ,12/P-l/26 
Systems for Orbit Maneuvering System (OMS) THEME /W.G./ TASK 
Applications 4 .28. 76 


DATE. 


( 5 & 6 ) CONTINUATION (If Needed) 

Block No. 

5. b) Mark 48 fuel and ox idizer pumps as part of FY '78 new start #119, 

, RECEST 

c) FY '78 new start #119, Reusable Cryogenic Engine Systems Test (RECEST ) 

d) Slush Cryogens - Evaluate methods of manufacture,; storage, handling, 
pumping, and cost of applying to a flight system. Demonstrate these 
technology areas at moderate scale 

e) Reusable cryogenic insulation systems - Continue LeRC program to 

provide technology on two approaches: (1) evacuated load bearing 

insulation systems; and (2) reusable purged multilayer insulation 
system 

f) ASE wi t h boost pumps - Add boost pumps and their drive system to the 
powerhead breadboard assembly tested under (c), above 


6. cryogens are desirable to reduce tankage volume. High performance 
reusable cryogen insulation systems are needed that are rugged, have 
low heat leak, and are reusable for up to 50 missions. 




LEVEL 1. BASIC PHENOMENA OBSERVED AND REPORTED 5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

OF STATE 2. THEORY FORMULATED TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART 3. THEORY TESTED BY PHYSICAL EXPERIMENT OR 6 MOOELTESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7. MODEL TESTED IN SPACE ENVIRONMENT 


SPACE TECHNOLOGY NEED 


1. TITLE High Performance LOX/Hydrocarbon 

Propulsion Systems for Booster 

Applications (Adv. Vehicle) _____ 


FORM NO. I 

PAGE 1 OF 


NO. q:Ii:i2/P-l / 30 
THEME /W.G./ TASK 


DATE L. 


2. OBJECTIVE 

Develop technology for high performance. LOX/ 


propulsion systems including bell nozzle types, aerospike/ 


linear engines, and plug cluster engines for booster vehicles, 


3. NEED ANALYSIS 

a) LEVEL NOW [£] , WILL BE LEVEL 0 UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL g] FOR OPERATIONAL SYSTEM USE BY [DATE: 1QQ0 1 

c) RISK IN ACHIEVING ADVANCEMENT; 

HIGH Q MEDIUM 0 LOW Q 

d) CRITICALITY TO THE ACCOMPLISHMENTS; ENABLING Q OR 

ENHANCING; HIGH Jx] MEDIUM 0 LOW Q 

e) TASKS NEEDED; STUDY 0 ANALYSIS 0 RESEARCH 0 


e) TASKS NEEDED; STUDY [xj ANALYSIS [XJ RESEARCH 0 

GRDTEST0 AIR CRAFT TEST Q SPACE FLIGHT TEST □ 

OTHER (Specify) □ (Check one or more) 

f) R&T BASE CANDIDATE Yes 


4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 


hee.fV.rd for future 

booster applications that provide high 

specific impulse. 

compact size. 

high thrust/weight ratio. 


reusability, and use high bulk densit 


of engine cycles and configurations are applicable including 


high pressure bell nozzle engines, plug cluste 


aerospike (plug nozzle) t ypes th at provide high specific 

Impulse at sea level and throughout the flight by the use of 
altitude compensating nozzles. 







(a) 

'(b) 

(c) 

(d) 

(e) 



"N 

SPACE TECHNOLOGY NEED FORM NO. I 

PAGE 2 OF _3 

TITLE High Performance LOX/Hydro carbon NO. 9 

Propulsion Systems for Booster 

Applications _■ date 4 / 28/76 

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Technology program should include: engine and vehicle studies ; 

determination of relative advantages of various engine types; 
thrust chamber cooling studies with fuel, oxidizer or auxiliar y 
coolant; studies of v arious candidate hydrocarbon fuels, such 
as methane, propane, RP-1, RJ-5 and other intermediate density 
or heavy hydrocarbon fuels to evaluate their (continued) 

7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

790-40-12, 506-21-11, 506-21-10 

PY 79 New Start //305» ; , Pl‘ig Cluster Engine Demonstration" 

PY 80 New Start #307, "Comp. Tech, for High Press. LOX/HC 
'V ....... . .... — ... 

9. TECHNOLOGY SCHEDULES 


FY 


SCHEDULE ITEM 
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,10,11/P-l / so 
THEME /W.G. /TASK 
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SPACE TECHNOLOGY NEED 

FORM NO. 1 


PAGE 3 OF 3 

1. TITLE High Performance LOX/Hvdrocarbon 

NO. q!i(i^i2/P-l/30 

Propulsion Systems for Booster 

THEME /W.G./ TASK 

Applications 

DATE 4/ 28/ 76. 



(6 } CONTINUATION (If Needed) 

Block No. 

performance, cooling capability, and operational problems; 

engine component technology program, including design, 

j fabrication, and testing of selected critical components, 

, s uch as fuel and oxidizer rich preburners, main injector, 

thrust chamber, and main fuel turbopump; pressure-fed bread- 
board testing of preburner, main injector, and thrust chamber. 


Supporting work is needed on low cycle thermal fatigue life 
of thrust chambers, turbopump bearings and seals, high 

temperature turbine materials, and cold and hot flow evaluation 
of plug cluster arrangements to determine nozzle performance 
losses . 


V — J 



LEVEL 1. BASIC PHENOMENA OBSERVED AND REPORTED 5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

OF STATE 2. THEORY FORMOLATED TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART 3. THEORY TESTED BY PHYSICAL EXPERIMENT OR ' 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7. MODEL TESTED IN SPACE ENVIRONMENT 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


* 


SPACE TECHNOLOGY NEED FORM NO. I 

PAGE 1 OF 3 


1. TITLE High Performance Dual Fuel Engines NO Q?ii.i2/P-1 /31 
for Booster Applications THEME / W.G. / TASK 


(Adv. Vehicle) 


DATE 4 /28 / 7 6 


2. OBJECTIVE 




echnology f 


ced dual fu 




carbon/LOX/hydrogen propellants for use on advanced boosters 


using mixed mode propulsion. 


3. NEED ANALYSIS NOTE: t2J For Dual Throat Config. 

a) LEVEL NOW CD , WILL BE LEVEL [Jj UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL 0 FOR OPERATIONAL SYSTEM USE BY | DATE: 1990~1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH [x] MEDIUM Q LOW □ 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING □ OR 

ENHANCING: HIGH [D MEDIUM Q LOW □ 

e) TASKS NEEDED: STUDY [7] ANALYSIS [x] RESEARCH 0 

GRDTESTd) AIR CRAFTTEST □ SPACE FLIGHT TEST □ 

OTHER (Specify) CH / (Check one or more) 

f) R&T BASE CANDIDATE Yes 


4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

Dual fuel engines are applicable to advanced boosters using 


mixed mode propulsion. The dual fuel engine burns high 


ropellants, such as LOX/hydro carbon early in the 


flight and switches to LOX/LHo later in the flight. Various 


engine configurations are applicable, including: high 


pressure tripropellant engine , Ho cooled; dual throat engine 


split combustor aerosplke, etc . 


i 











SPACE TECHNOLOGY NEED 


TITLE 


High Performance Dual Fuel Engines 
for Booster Applications 

(Adv. Vehicle) 


FORM NO. I 

PAGE 2 OF 3 

1,7, a, / 7 

NO. 9.11,12 / P-1M1 
THEME /W.G./ TASK 

DATE 4 / 28/ 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Perform studies to evaluate use of mixed mode propulsion using 
dual fuel engines for advanced boosters. Perform engine syste m 
trade-off and parametric studies to determine fuel and oxidize r 
combinations, engine turbopump drive cycle, cooling method, 
and component preliminary design for selected thrust levels 
in the range from 500.000 to 1.500.000 pounds. (Continued) 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

506-21-11, 790-40-12. FY 79 New Start #805 

- ■ r i ~ ■ _ . y . . _ ^ — -rm m — n it rr vr v m . 


Engine . " 


"Plug Cluster 


'ech. for High Pressure 


"Advanced Dual Fuel Propulsion System." 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 



MANPOWER (M-Y) 

INHOUSE 

CONTRACT 

FUNDING '(10 6 $) 

INHOUSE 

, CONTRACT 











SPACE TECHNOLOGY NEED 

FORM NO. 1 

PAGE B OF 3 | 

* 1. TITLE High Performance Dual Fuel Engines 

iwincwreswi* 

for Booster Applications 
(Adv. Vehicle) 

THEME /W.G./ TASK 
nATc 4 /28/ 76 



( ! 6 ) CONTINUATION (If Needed) 

Blobk No. 

Perforin component technology programs based on selection of 
critical components for the engine configuration and propellan t 

combination selector. 

The technology in this area is supported by work on high 

pressure Hp-Op booster engines and high performance LOX/ 

hydrocarbon engines and also requires additional work on 

specific problem areas related to the use of two propellant 
combinations in the same engine. 












LEVEL 1. BASIC PHENOMENA OBSERVED AND REPORTED 5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

OF STATE 2. THEORY FORMULATED TO DESCRIBE PHENOMENA _ ENVIRONMENT IN THE LABORATORY 

OF ART 3. THEORY TESTED BY PHYSICAL EXPERIMENT OR 6 MODELTESTEO IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7. MODELTESTEO IN SPACE ENVIRONMENT 

i. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


) 


SPACE TECHNOLOGY NEED 


FORM NO. I 

PAGE 1 OF 2 


1 . TITLE Composite Engine Technology 


NO. .15 /P-1 / 32 

THEME /W.G. /TASK 

DATE 1 /JL 8 /lS 


2. OBJECTIVE , . 

Develop technology for composite (rocket/alr bre.a fchlngJ 

engines for advanced horizontal take-off , horizontal landing 
(HTOHL) shuttle type vehicles. 


3. NEED ANALYSIS 

a) LEVEL NOW 0 , WILL BE LEVEL 0 UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL Qj] FOR OPERATIONAL SYSTEM USE BY 1 DATE: X990 I 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH 0 MEDIUM 0 LOW □ 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING □ OR 

ENHANCING: HIGH 0 MEDIUM 0 LOW □ 

e) TASKS NEEDED: STUDY □ ANALYSIS 0 RESEARCH (0 

GRD TEST 0 AIR CRAFT TEST 0 SPACE FLIGHT TEST 0 
OTHER (Specify! 0 (Check one or more) 

f) R&T BASE CANDIDATE 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

The technology advancement s req uired are. ..dependent upon the 



scram, let, air turborocket, lace cycles, and others ) hut 


include, for example, engine cooling, afterburner design. 
and variable area inlet control. 



SPACE TECHNOLOGY NEED 


TITLE 


Composite Engine Technolpi 


FORM NO. I 

PAGE 2 OF 


NO 12. /p-1 / 31 

THEME /W.G./ TASK 


DATE 4/28 / 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Conduct vehicle/propulsion system analysis of HTOHL fully 


reusable two-stage-to-orbit shuttle vehicles for the post 


1990 time period that utilize composite engines. Select 
engine concept and perform tec 


composite engine technology to maturity by 198 


7. ALTERNATIVE APPROACHES/OPTIONS n concont P gr° a aVl ’ 

vehicles of one or two-stage-to-orbit design which generally 

Hpittp hn crHor* o*r»irv«s 1 n i*rcn‘ o*Vi+* hi' o*Vior» pPODS IX&n U 


consumption, and higher launch cost per pound of payload. 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

None 


9. TECHNOLOGY SCHEDULES 

FY 


SCHEDULE ITEM 


2 . Engine/Syst 


Studies 


mSugHHi 


4 .$es? onent 


IB l II 

IIIIIIIIIEmI 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 


isehebri 












LEVEL 1 BASIC PHI NDMrNAOBSCHVru AND REPORTED !i COMPONENT Oil BREADBOARD TESTED IN RELEVANT 

OF STATE ? IIILORY I OIIMIILAUU TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART J THEORY TESTCO BY PHYSICAL EXPERIMENT OR 6 MODEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7. MODEL TESTEO IN SPACE ENVIRONMENT 

A. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


SPACE TECHNOLOGY NEED 


1. TITLE 


FORM NO. I 
PAGE 1 OF & 

12. 40/p . 1 / 44 

THfeME / W.G. / TASK 


DATE — 4_ /_27/_7f 

2. OBJECTIVE 

Develop system technology necessary for intpgrat-inp._n.f . — . 

thrust and power subsystems into high power level NEP spacecraft. 


3. NEED ANALYSIS 

a) LEVEL NOW □ , WILL BE LEVEL □ UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT- SHOULD BE TECHNOLOGY READY 

AT LEVEL Q FOR OPERATIONAL SYSTEM USE BY I PATE: 1905 I 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM [xj LOW □ 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING Q OR 

ENHANCING: HIGH Q MEDIUM □ LOW Q 

e) TASKS NEEDED: STUDY 0 ANALYSIS (Tj RESEARCH [T| 

GRD TEST □ AIR CRAFT TEST □ SPACE FLIGHT TEST □ 

OTHER (Specify) Q (Check one or more) 

f) R&T BASE CANDIDATE 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY Nnclpar-thprmnm’r nnuor guc-Fom inn 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

A._s lngle _si ze .nucJe _ a_C. _reac.to.r_ of. Jimite d. lifetime will most, probabl y 

be developed for space applications. Vehicles that will require increasec 


jdetgrnilne t hg J^fere o n n ec t ion o f , e xpe^e.d_mteiactioiis,,betweeji_ uni 

Lifetime limitations of the single reactor design will have to be 


extended to providelong-1 ived vehicles. Conduct ini 






SPACE TECHNOLOGY NEED 


TITLE 


FORM NO. I 

PAGE 2 OF 


THEME /W.G./ TASK 


DAT E 4 / 27/ 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 






reactors in a NEP vehicle 


incor p oratin g multiple nuclear 


1 i ved system . 


4) Setup and conduct initial system tests. 


irn-a-4en§— 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES {RTOP, OTHER) 




9. TECHNOLOGY SCHEDULES 

FY 


SCHEDULE ITEM 


TASK ITEM 


HHIHIIIIIHI!!!I 


approaches 


System Tests 


■■■IBSSll 
■■■■Hi Hill 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 


FUNDING (10 6 $) 

INHOUSE 

CONTRACT 


■■■lUIIHIHIIIIIH 

■■■■■■■■■■■■■■■■■■■I 


• 31. 81 














LEVEL t, BASIC 1*1*1 NOMFNA OHSERVFU AND REPORTEU COMPONENT OK BREADBOARD TESTED IN RELEVANT 

OF STATE 1 IHEORY I OHMIILATEU TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART :i THEORY IESTLTJ BY PHYSICAL EXPERIMENT OR 6 MODEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7. MOOEL TESTED IN SPACE ENVIRONMENT 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


) 


r 


SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 1 OF <S> 


1. TITLE 


■ High Tsp-Inn Thruster- S yst e m for - 
Hlan etary Propulsion 


NO. 10/P 1 / 42 


THEME /W.G./ TASK 
DATE 4 /_28 /76 


Semonstrale the technology for an ion thruster thrust. suhcyqtpm fnr 
planetary propulsion applications . 


3. NEED ANALYSIS 

a) LEVEL NOW [T] , WILL BE LEVEL GO UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL [7] FOR OPERATIONAL SYSTEM USE BY I DATE: m'd ' 1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM Q LOW 0 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING 0 OR 

ENHANCING: HIGH^ MEDIUM □ LOW □ 

e) TASKS NEEDED: STUDY Q ANALYSIS Q RESEARCH Q 

GRDTEStQD AIR CRAFT TEST □ SPACE FLIGHT TEST QD 
OTHER (Specify) Q (Check one or more) 

f) R&T BASE CANDIDATE 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY High power lightweight, solar arrays. 

Lt. wt. high eff. pwr processors 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

(1) Ground test of complete systems 

(2) Demonstration of system life 

(3) Measurement of interactions between system element.*; and with 

.spAC.g-cr.alt. . 


r 

! 



SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 2 OF. 


TITLE 


High Isp Ion Thruster System for Planetary NO. 10/P1/42 
Propulsion (SEP) 


THEME /W.G./ TASK 
DATE 4 / 27/ 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

_QJ Maintain Present. Technology Program 

(2) Perform Flight Demonstration of Representative Technology 

SPHINX B/C 

Propulsion Pallet Experiment w/TSS Array 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

RTOP 506-22-30, 506-22-40 

SPHINX B/C, Propulsion Pallet Tests 


9; TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 

76 

77 

78 

79 

ESI 

ai 

82 

m 

u 

n 

E3 


m 

m 

m 

m 


m 

m 


TASK ITEM 
Thruster Perf. 

1 

1 

1 





■ 

1 

1 

■ 

1 

i 

i 

i 

■ 

1 

■ 

■ 

i 


E 

- 

9 

■ 

9 


1 



■ 



s 

i 


9 


9 

■ 

■ 

System Tests 

fl 

m 





■ 

■ 


9 



9 



9 


■ 



K 



System Life 


■ 






i 


9 











Tech Ready 

B 

■ 



r 


■ 



1 



9 

i 


9 





SPHINX B/C 

■ 

■ 

■ 

■ 

E 

a 

■ 

■ 




■ 

■ 





■ 



Pallet Array 


■ 



■ 

■ 

i 

1 


9 


■ 

9 

■ 




■ 



SEP Flight 

i 

■ 



■ 

■ 

■ 

■ 

m 

1 
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m?A 

1 

MANPOWER (M-Y) 
! INHOUSE 


48 

48_ 

2A. 


±_ 

4 

A_ 

A- 












CONTRACT 





















FUNDING (10 6 $) 
INHOUSE 

L7 

L5 

1.0 

1.0 

.2 

.2 

.2 

,2 

JL 












L CONTRACT 

1.7 

1.5 

1.0 

1.0 

.25 

.25 

.25 

.25 

.25 














LEVEL 1. BASIC PHENOMENA OBSERVED AND REPORTED 5. COMPONENT OR BREADBOARD TESTEO IN RELEVANT 

OF STATE 2. THEORY FORMULATED TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART 3. THEORY TESTED BY PHYSICAL EXPERIMENT OR 6. MOOEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7. MOOEL TESTEO IN SPACE ENVIRONMENT 

4. PERTINENT FUNCTION Of! CHARACTERISTIC DEMONSTRATED 


SPACE TECHNOLOGY NEED FORM NO. I 

PAGE 1 OF & 

1 . TITLE Solar Sailing Technology Program no. 10 / p-1 / 44 

- THEME /W.G./ TASK 

— DATE 4 . /28 / 76 

2. OBJECTIVE 

Develop and demonstrate the capability to deploy and control a solar 
sail up to 1 sg km 

3. NEED ANALYSIS 

a) LEVEL NOW [2j , WILL BE LEVEL Q UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL [£] FOR OPERATIONAL SYSTEM USE BY 1 DATE: 1990+ 1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM LOW Q 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING □ OR 

ENHANCING; HIGH □ MEDIUM QO LOW □ 

e) TASKS NEEDED: STUDY Q[] ANALYSIS 0 RESEARCH 

GRDTEStQ AIR CRAFTTEST Q SPACE FLIGHT TEST [£] 

OTHER (Specify) Q (Check one or more) 

f) R&T BASE CANDIDATE Yes 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY Deployment and/or assembly of large-light 

weight structures; control of la r ge light-weight structures 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

1. Deployment, control of large space structures in space. 

2. Development of light-weight, long lifetime solar sail 
material capable of passing through the earth's radiation 


belts and be able to travel to within 0.2 All. 




SPACE TECHNOLOGY NEED 


TITLE 


Solar Sailing Technology Program 


FORM NO. I 
PAGE 2 OF 


no 10 P-1 44 

THEME / W.G: 7 TASK 


„ . DATE 4 /28/ 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Conduct feasibility design studies and component tests leading to a 


prototype demonstration flight test. 


7. ALTERNATIVE APPROACHES/OPTIONS fl Ep S EP 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

NONE 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


System Test 


Flight Test Ready 


Flight Test 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 


Funding (io 6 $) 

INHOUSE _ 

CONTRACT 


naiiMimiimmi 

■■■■■■■■■■■■■■■■■■■■ 



i CONTRACT | | I ,5F ; j£ 

* Not including launch vehicle 
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1 . TITLE Sterilizable Solid Propellant Rocket NO 10/P-1/45 

THEME /W.G.V TASK 


SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 1 OF £ 


O 
ta 
t o 


o 

U’l. 

UJ »- 
n* rj ‘o 
>- o f 

cn -;s I— 
CV . i 

K < ® 
U 52 u. 

UJ f~ , . 

J— • *•£ ct 

>- t« tu 
rc ui ;*; 

O F- 
ui H cr 
.?« *?• UJ 
I- -5 U. 


Mi 

;J 5 o-: 

fij u- u. 
•J O >“ 


for Sample Return Propulsion 


DATE. 


4 i 28 { 76 


2. OBJECTIVE 


Danonstrate solid propellant rockets that can withstand 


heat sterilization cycling to assure planetary quarantine fo r 


planetary probes or as c ent from planet surfaces. 


3. NEED ANALYSIS 

a) LEVEL NOW [1] , WILL BE LEVEL 0 UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT -SHOULD BE TECHNOLOGY READY 

AT LEVEL [7] FOR OPERATIONAL SYSTEM USE BY fpATE: 1990 1 

c) RISK IN ACHIEVING ADVANCEMENT; 

HIGH Q MEDIUM 0 LOW 0 

d) CRITICALITY TO THE ACCOMPLISHMENTS; ENABLING 0 OR 

ENHANCING: HIGH 0 MEDIUM 0 LOW 0 

e) TASKS NEEDED: STUDY 0 ANALYSIS 0 RESEARCH 0 

G R D TEST 0 AIR CRAFT TEST 0 SPACE FLIGHT TEST 0 
OTHER (Specify) 0 (Check one or moro) 


f) RAT BASE CANDIDATE 


Yes 


A COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY None 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

Fo rmulate a nd demonstra t e prop el lant with adequate therma l stabili t y 

to resi st degra dat ion durin g ste rilization hea t cycling in a motor 

which has reasonably high mass fraction; demonstrate a prop ellant 
charge support systan consistent with the mass fraction. 




J 







SPACE TECHNOLOGY NEED 


TITLE 


SteriTtzable Solid Propellant Rocket for 


FORM NO. I 
PAGE 2 OF j£t 


THEME /W.G./ TASK 


DATE 4/28/76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Evaluate oxi 


evaluate charge support designs which do not decrease mass fraction. 


Heat-cycle propellant charges and complete motor systems, sp a ce-age 
the motors, and conduct verification tests at simulated altitude 
conditions. 


7. ALTERNATIVE APPROACHES/OPTIONS Use higher risk and lower performance 
chemical systems. 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 




9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 


MEBBIBlBlinBIBIBlRItBl 




aaa«mBHHBS 

■■■■■ £■■■■■■ I 

■■■■■■■■■■■■■ 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 


2 I 21 2| 2 I 2 2 1.5 .5 .5 2 2 


mill! 


.15 .15 .15 .15 .151.031 03 j03 .15 .15 


































SPACE TECHNOLOGY NEED 


1 


FORM NO. 1 1 

’AGE 1 OF 7 L 


; i'YWW ■«**«» W mS'iTWj. - **W>> > *». fl-rMS* -4T 




1 . TITLE S pace Storable Propulsion wit h Hyd rogen NOin -i 9 /P -1/46 J 

Injection _ _ IHEMk/ W.G./TASK « 


DATE 


_4 /28 / 76 


[1 H 


S “ J I 

P ll 52 

cz »u 
H o o 
vu «; < 

}. ; -i to 


• f ~ n o , 

If/ HI 

SJ J- I- 
t/J V* 
**.5 Ui U 

'*■ 1 - I- 
"f -J 

111 I >4 
> Ct -I 

•J: o o 


2. OBJECTIVE 

Demon s tra te a_f IJg ht -weigh t„ £ 2 / H 2 „piOQPiiJAlP.n..s_ab5y_st.9ii. _ 

app licable to personnel orbital transfer vehi cle a n d planetary 

spacecraft. 


3. MEED ANALYSIS 

a) LEVEL NOW Qj , WILL BE LEVEL §J UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL [7] FOR OPERATIONAL SYSTEM USE BY fnATE: " 1 987~1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH [J MEDIUM [x] LOW fj 

cl) CRITICALITY TO THE ACCOMPLISHMENTS^ ENABLING Q OR 
ENHANCING: HIGH [X] MEDIUM [J LOW Q 

c) TASKS NEEDED: STUDY Q ANALYSIS □ RESEARCH Q 

GRDTEStGl) AIR CRAFT TEST [“] SPACE FLIGHT TEST □ 

OTHER (Specify) Q '(Check one or more) 


i) R3:T BASE CANDIDATE 


Yes 


4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF TH IS TECHNO LOGY 


Ij 
< 
Cl . 
< 




cd a: to ... 
j u «*• cj ; 
i*; >•* ci -- 
V P b *> l- 

I’ L] < H 

« t> H w> 
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O tv'ji H 

in tn ** 
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t.u if. 
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5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 


ACCOMPLISH NEED 

Pa T ionstra tj on o f pump s compat ible with Pg /N 2 H 4 at en P lne t hrust 

levels of about 3,000 lb^; demon strati on of can ponen t s incl uding 

injector to inject hydrogen as a tripropellant and to use it as 


an engine coolant; demonstration of increased Isp from 370s to 425s. 


J 



SPACE TECHNOLOGY NEED 


T,TLE Space Storable Propulsion with Hydrogen 
Injection 


FORM NO. I 

PAGE 2 OF 


NnlO-12 /P-l /46 

THEME /W.G./ TASK 

DATE 4/ 28^76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Complete the currently funded demonstration of Fo/N 0 H, systan for 


the improvement from ijL used as the third propellant elanent and 
as a coolant frail Ho boil -off; denonstrate redundant solenoid 
valves for reuseable POTV main proou^ 


. Conduct system testinq at simulated 


I ■iliHiOIMC. MK»J ■] H'i 1 rim 


7. ALTERNATIVE APPROACHES/OPTIONS 

Use currently available propellants. 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 


lira 


Assembly 


Tests 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 


3 3 2 
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SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 1 OF 2 _ 




1. TITLE utilization of Indigenous Materials for no. 10-12/P-1/47 

Propulsion THEME / W.G. / TASK 

DATE 1 / 28 / 76 


2. OBJEC j ive Demonstrate the use of the mass of extra-terrestrial 
surface material, planetary atmosphere, and waste for propulsion. 


3. NEED ANALYSIS 

a) LEVEL NOW Q] , WILL BE LEVEL GO UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL jTj FOR OPERATIONAL SYSTEM USE BY FoATE: 1Q<30~] 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH GO MEDIUM [£] ' LOW GO 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING Q OR 

ENHANCING: HIGH [Tj MEDIUM Q LOW GO 

e) TASKS NEEDED: STUDY GO ANALYSIS [xj RESEARCH QO 

GRD TEST [X] AIR CRAFT TEST GO SPACE FLIGHT TEST GO 
OTHER (Specify) GO (Check one or more) 

f) R&T BASE CANDIDATE Yes 


4, COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY Adequate verification of the physical and 

chemical characteristics of the predicated lunar or planetary 

materials and planetary atmospheres. ■_ 


j 







SPACE TECHNOLOGY NEED 

| - 

TITLE Utilization of Indigenous Materials for 

I Propulsion 


FORM NO. I 
PAGE 2 OF Z 

NO. 10-lffP-1/47 

THEME /W.G./ TASK 

DATE 4/28 / 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Identify concepts for reacting indigenous materials with stored 

reacta.ntS -and-ey.alu_ ate their characteristics. . Devise n ew schemes, . 
compare concepts, test and develop the most applicable technologies. 


7. ALTERNATIVE APPROACHES/OPTIONS Carrying mass of propellant from 
! Earth. . 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

RTOP 506-21 -43 (New Horizons in Propulsion) 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 


Study 
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SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 1 OF £ 




1. TITLE Propulsion in Planetary Atmospheres N0 -jn/P-iMa 

THEME mG./ TASK 

DATE 4 /_2g /_25 _ 


2. OBJECTIVE 

Provide an efficient propulsion system for probe or attitude 

propulsion operating in very dense planetary atmospheres. 


3. NEED ANALYSIS 

a) LEVEL NOW GO , WILL BE LEVEL H] UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL [fj FOR OPERATIONAL SYSTEM USE BY IpatE: 1990 1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM JT} ' LOW Q 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING QJ OR 

ENHANCING: HIGH □ MEDIUM □ LOW Q 

e) TASKS NEEDED: STUDY □ ANALYSIS [xj RESEARCH 0 

GRD TEST GO AIR CRAFT TEST □ SPACE FLIGHT TEST □ 

OTHER (Specify) Q (Check one or mors) 


f) R&T BASE CANDIDATE 


Yes 


A: COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE O F TH IS TECHNOLOGY Adequate verification of the physical and 

chanical characteristics of the predicated planetary atmos p here (s) . 


£ i 


' •£ u'l v 
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j 5. SPEC! FY TECHNOLOGY ADVANCEMENT REQUIRED TO 


ACCOM PL 


NEED 




Provide prototype detona t ion propulsion system using smal 1 charges of 

explosive repetitivetv detonated in an expanded nozzle to provide an 

impulse. This impulse is independent of atmospher e t o the first . 

order. 





SPACE TECHNOLOGY NEED 


TITLE 


Propulsion in Planetary Atmospheres 


FORM NO. I 
PAGE 2 OF Z 


NO 1Q/P-1/48 

THEME /W.G./ TASK 


— _ — — P— DATE 4 / 28/ 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Complete the component designs and tests and assemble a prototype 


which can be subjected to space- and planetary-simulated environmental 


exposure and operated in a simulated desnse planetary atmosphere. 


7. ALTERNATIVE APPROACHES/OPTIONS Low efficiency chemical rockets 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

RTOP 506-21-32 (Advanced Solid Propulsion Concepts) 


9. TECHNOLOGY SCHEDULES 

FY 


SCHEDULE ITEM 


TASK ITEM 
Com pon e n t T 


P rototype testing 


BiSilSEHIIIIIlHi! 

— i ill MB 


MANPOWER (M-Y) 

INHOUSE 

1 CONTRACT 


.1 .1 .1 .1 .11.31.3 .3 .2 





















LEVEL I BASIC I’ll! NOMFNAOHSERVFU AND REPORTED !i COMPONENT OH BREADBOARD TESTED IN RELEVANT 

OF STATE 7 IHLOIIY I ORMliLATEU 1 0 DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART II THEORY rESUIJ BY PHYSICAL EXPERIMENT OR 6 MODEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7, MODEL TESTED IN SPACE ENVIRONMENT 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


r 

SPACE TECHNOLOGY NEED 



FORM NO. 1 
PAGE 1 OF Z> 

1. TITLE Hi Specific Impulse Ion Thrusters for On- 

NO. 7.8.9. 10.il/Pl/49 

Orbit Operations 

THEME /W.G./ TASK 


DATE 4 / 28/ 76 


2. OBJECTIVE 

To develop Ion Thruster Systems to provide station keeping fop pphital 

systems using low cost inert fuels 




3. NEED ANALYSIS 

a) LEVEL NOW 00 , WILL BE LEVEL [1] UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL [7] FOR OPERATIONAL SYSTEM USE BY 1 DATE: 1985 ~| 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM Q LOW 0 

d) CRITICALITY TO THE ACCOMPLISHMENTS; ENABLING [x] OR 

ENHANCING: HIGH □ MEDIUM □ LOW □ 

e) TASKS NEEDED: STUDY [T] ANALYSIS □ RESEARCH QQ 

GRDTEST0 AIR CRAFT TEST Q SPACE FLIGHT TEST 0 
OTHER (Specify) Q (Check one or more) 

f) R&T BASE CANDIDATE 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY 


5, SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

(1) Scaling of present thruster systems t.Q required si?es 

(2) Efficient operation demonstration with inert gases 

(3) Demonstration of total impulse and cycl i c life 


V J 



SPACE TECHNOLOGY NEED 


TITLE 


Hi Specific Impulse Ion Thrush : s for On- 
Orbit Operations 


FORM NO. I 
PAGE 2 0F_JC_ 


NO 7,8, 9. 10 . il/Pl/ 49 
THEME /W.G. / TASK 

DATE 4 / 28 / 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 




(2) Define System Operating Requirements 

(3) Design Thruster System 

(4) Incorporate into Existing Technology Program 

(5) Perform Directed R&T 

(6) Demonstrate Critical Performance Parameters 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

SOB-22-11, 506-22-40. 506-22-30 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


Design System 


Baseline R&T 


Directed R&T 


Critical Tests 


Flight Application 


Pallet Tests 


mmmmmamuuummuun 
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MANPOWER (M-Y) 
INHOUSE 
CONTRACT 
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LEVEL I. BASIC PHENOMENA OBSERVED AND REPORTED 5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

OF STATE 2 . THEORY FORMULATED TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OFART 3. THEORY TESTED BY PHYSICAL EXPERIMENT OR 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7. MODEL TESTED IN SPACE ENVIRONMENT 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


_ — 

SPACE TECHNOLOGY NEED FORM NO. 1 

PAGE 1 OF 2 

1. TITLE MONOPROPELLANT HYDRAZINE PROPUI SION FOR NO 10-12 P-1 51 

ON-ORBIT STATION-KEEPING THEME / W.G. / TASK 

— — DATE 4 / 27 76 

2. OBJECTIVE 

INCREASE THE OPERATIONAL LIFF -QF_-N 2 ^THPlit;TFP<:.-iJ.rnn 

EMPHASIS ON IMPROVEMENT OF CATAI YST RFO nFSTRNS FQR n^Tjc uuH THRUSTS 

RANGING FROM lO -3 LBF TO 10 2 LBF. PROVIDE LOW-GRAVITY ACQUISITION SYSTEM. 

3. NEED ANALYSIS 

a) LEVEL NOW [4] , WILL BE LEVEL E] UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL Hi FOR OPERATIONAL SYSTEM USE BY loATE: 1982 | 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM [X] LOW Q 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING □ OR 

ENHANCING: HIGH [X] MEDIUM Q LOW □ 

e) TASKS NEEDED: STUDY □ ANALYSIS Q RESEARCH □ 

GRDTEStQO Al R CRAFT TEST □ SPACE FLIGHT TEST □ 

OTHER (Specify) PI (Check one or more) 

f) R&T BASE CANDIDATE YES 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY NnNF 



‘ ■ • " 

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

CHARACTERIZE HYDRAZINE CATALYST BEDS WITH RFSPFflT TO STRUCT! IRF AND 

REACTIVITY. DEMONSTRATE LONG LIFE THRUSTER. DFMONSTRATF DAPARTI TTY 

OF PROPELLANT ACQIITSTTTON DEVICE TO OPERATE UNDER SIMULATED HIGH "G" 

ENVIRONMENT. 






L_ ) 




SPACE TECHNOLOGY NEED 


FORM NO. I 

PAGE 2 OF _2 


TITLE MONOPROPELLANT HYDRAZINE PROPULSION FOR 
ON-ORBIT STATION-KEEPING 


Nn 10-12 P-1 51 

THEME /W.G./ TASK 

DATE 4 / 27/ 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

UTILIZE 'GAS GENERATORS TECHNOLOGY FROM SPACE SHUTTLE AND PI ANFTARY 

SPACECRAFT. DETERMINE SERVIC E LIFE OF A RADIA 1 FI OW HYnRA7TNE THRUSTER. 

DETERMINE OPTIMUM DESIGN TO MINIMIZE REFURBISHMENT COST AND/OR M A XIMIZE 
LIFE. DESIGN, FABRICATE & TEST A HYDRAZINE PROPELLANT ACQUISITION SYSTEM 
EMPLOYING A SURFACE TENSION DEVICE. INTEGRATE THE TWO DEVICES, TEST ON 
GROUND, AND IN SPACE ENVIRONMENT. 


7. ALTERNATIVE APPROACHES/OPTIONS H-0 AUXILIARY PROPULSION SYSTEM , 
BI - P ROPELLANT, AUXI.LIARY...-RRQPJJLS-IQN SYSTEM, 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

910-04-01;. 910-04-02 

606 .r-P.LAl 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 

m 

m 
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m 

EH 

US 
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m 

m 

ED 
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m 
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ED 
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ID 
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TASK ITEM 
THRUSTER; 
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Fab. & Test 
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ACQUISITION: 
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Space Test 
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FUNDING (10 6 $) 
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SPACE TECHNOLOGY NEED 


FORM NO. I 


PAGE I OF _hi 

1. TITLE Photochemical Production of Hydrogen Nq 12-1/P-1/ 52 

and Oxygen f o r Pro p ella nt App lic ation THEME / VV.G. / TASK 

DATE __i_ / 28 / 76 

2. OBJECTIVE 

Demonstrate the feasibility of dir ec t conve rsion of 

hy drogen a nd oxygen from water usin g sol ar radiation for propellant 
applications. 


3. NEED ANALYSIS 

n) LEVEL MOW ljJ , WILL BE LEVEL (2j UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL [4] FOR OPERATIONAL SYSTEM USE BY [qaTE: 1995 1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH [X] MEDIUM □' LOW Q 

cl) CRITICALITY TO THE ACCOMPLISHMENTS^ ENABLING [YJ OR 
ENHANCING: HIGH-Q MEDIUM Q LOW Q 

e) TASKS NEEDED: STUDY Q ANALYSIS Q RESEARCH [£} 

GRD TEST □ AIR CRAFT TEST Q SPACE FLIGHT TEST 


jjl OTHER (Specify) □ 

| f) RStT BASE CANDIDATE Yes 


(Check one os' more) 


j 4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FCR 
| USE OF THIS TECHNOLOGY None 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

D etermine the fea si bili t y and economics of d ir ect conversion of w ater 

to hy droge n and o xygen withou t u se of fo ssil fu els or nu cl ear sourc es 

in an e n ergy-con se rvative method. 


SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 2 OF _Si— 


TITLE 


Photochemical Production of Hvdroaen and Oxv aen NO. 12-1/P-1/52 

for Propellant Application THEME / W.G. / TASK 


DATE 


4 i 28/ 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Research the direct conversion of water bv sea^ 


to H„ and 0„ via the phQto*oxidation and reduction reactions in 


7. ALTERNATIVE APPROACHES/OPTIONS Conve rsion of coa l by gasification 
methods (dependence on fossil fuel); nuclear powered electrolysis; 


cycles. 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

None. (ERDA sponsoring some thermochemical cycle work at LaRC) 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 


Research 


Wi miU MHHIN 
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MANPOWER (M-Y) 

INHOUSE 

CONTRACT 
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LEVEL 1. BASIC PHENOMENA OBSERVED AND REPORTED 5. COMPONENT OR BREADBOARD TESTEO IN RELEVANT 

OF STATE 2. THEORY FORMULATED TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART 3. THEORY TESTED BY PHYSICAL EXPERIMENT OR 6 MODEL TESTEO IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7. MODEL TESTED IN SPACE ENVIRONMENT 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


/ — - > 

SPACE TECHNOLOGY NEED FORM NO. 1 

PAGE 1 OF 7L 

1. TITLE i on Thruster Baseline R&T NO. 1 / PI /53 

THEME /W.G. / TASK 

DATE 4 / 28 / 76 

2. OBJECTIVE 

To Maintain and Explore Advancement in Basic Ion Thruster Technoloav 



3. NEED ANALYSIS 

a) LEVEL NOW CD , WILL BE LEVEL GO UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL FI FOR OPERATIONAL SYSTEM USE BY i DATE: 1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM □ LOW [x] 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING 0 OR 

ENHANCING: HIGH Q MEDIUM □ LOW Q 

e) TASKS NEEDED: STUDY Q ANALYSIS [x] RESEARCH [x] 

GRDTEStQQ AIR CRAFTTEST □ SPACE FLIGHT TEST □ 

OTHER (Specify) P| (Check one or more) 

f) R&T BASE CANDIDATE 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY 




5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

(1) Research on Performance Enhancement 

(2) Extension of Operating Life 

(3) Simplification of Thruster System 

(4) Understanding of Basic Phenomena 

(5) Reliability Improvement 

(6) Plume Definition and Control 




^ J 





SPACE TECHNOLOGY NEED FORM NO. I 

PAGE 2QF_2l- 

T,TLE Ion Thruster Baseline R&T no. 1 / PI / 53 

THEME /W.G./ TASK 


■ - — — - DATE 4 / 28/ 76 

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Maintain and/or Augment Present Baseline R&T 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

506-22-40 


9. TECHNOLOGY SCHEDULES 


FY 


SCHEDULE ITEM 

m 

BE 
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MANPOWER (M-Y) 
INHOUSE 
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FUNDING (10 6 $) 
INHOUSE 

.25 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

.5 






k CONTRACT 

.25 

JL 

.5 

J5_ 

.5 

•5 

.5 


li 

JL 


JL 

M 

A. 









LEVEL 1- BASIC PHENOMENA OBSERVED AND REPORTED 5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

OF STATE 2. THEORY FORMULATED TO DESCRIBE PHENOMENA _ ENVIRONMENT IN THE LABORATORY 

OF ART 3. THEORY TESTED BY PHYSICAL EXPERIMENT OR 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7. MODEL TESTED IN SPACE ENVIRONMENT 



SPACE TECHNOLOGY NEED FORM NO. I 

PAGE 1 OF Zi 

1 . TITLE ion Beam Applications Research (IBAR) no 1 / PI / 54 

THEME /W.G. /TASK 

DATE-1. /jg/ 76 

2. OBJECTIVE 

To Develop Unique Capabilities of Ion Thruster Technology for Non- 

Propulsive Applications 


3. NEED ANALYSIS 

a) LEVEL NOW [J] , WILL BE LEVEL 0 UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL H] FOR OPERATIONAL SYSTEM USE BY loATE: ~ ~] 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM □ LOW Q[] 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING 0 OR 

ENHANCING: HIGH Q MEDIUM Q LOW □ 

e) TASKS NEEDED: STUDY 0 ANALYSIS S RESEARCH 0 

GRDTEST0 AIR CRAFT TEST □ SPACE FLIGHT TEST □ 

OTHER (Specify) P] (Check one or more) 

i 

f) R&T BASE CANDIDATE 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

(1) Understanding of Sputter Process 

(2) Microscopic Cone Growth for: 

Biomedical 







* 
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SPACE TECHNOLOGY NEED 


TITLE 


Ion Beam Applications Research (IBAR) 


FORM NO. I 
PAGE 2 0F_&l_ 


THEME /W.G./ TASK 


DATE 4 / 28/ 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

(1) Source Modification 

(2) Applications Investigation 

(3) User Invol vement 

(4) Systems Development 

(5) Tech Transfer to User 

7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

506-22-40. 506-22-43 

LeRC FY78 new initiative to expand tech, program. 

9. TECHNOLOGY SCHEDULES 

FY 

SCHEDULE ITEM 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 
TASK ITEM 

So urce Mod. “ ~ 

Ap plic. Inv. 1 

Us er Involvement — — 

Baseli ne R&T 

Tech Transfer V V V 5 f 5 


MANPOWER (M-Y) 

INHOUSE 3_ _Z L 10- IQ- 1Q_ 10_ 1Q_ 1Q_ 1£L HL 1CL 

CONTRACT 

FUNDING (10 6 $) 

INHOUSE 

. CONTRACT .15 .2 .5 .5 .5 .5 .5 .5 .5 .5 .5 .5 




LEVEL 1. BASIC PHENOMENA OBSERVED AND REPORTED 5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

OF STATE 2. THEORY FORMULATED TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART 3. THEORY TESTED BY PHYSICAL EXPERIMENT OR 6. MOOELTESTED IN AIRCRAFT ENVIRONMENT 


* 


SPACE TECHNOLOGY NEED 


1. TITLE Ion Beam Application to Space 
Manufacturing 


FORM NO. I 
PAGE 1 OF 2 * 


THEME /W.G./ TASK 


DATE 4 /28 / 76 



3. NEED ANALYSIS 

a) LEVEL NOW GO , WILL BE LEVEL [5] UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL [f] FOR OPERATIONAL SYSTEM USE BY I DATE:1982 ~l 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM □ LOW £] 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING jT) OR 

ENHANCING: HIGH □ MEDIUM Q LOW □ 

e) TASKS NEEDED: STUDY [x] ANALYSIS (T) RESEARCH [TJ 

GRDTESt(x] AIR CRAFTTEST □ SPACE FLIGHT TEST □ 

OTHER (Specify) □ (Check one or more) 

f) R&T BASE CANDIDATE 


4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

echnoloqy for deposition o~ 



(2) Zero gravity fabrication of materials; to enhance growth of large 


crystals. 


film solar arrays. 


























SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 1 OF._l 


I. TITLE Enabling Technology for Chemical [\jq 1-12 (P -1 ) 

Rocket Systems to Improve Performance , I HEMP. / W.G. / (ASK 


4 , 28 , 76 


Increase L ife, Reduce Cost & Simplify OATF v ^°/ 

Operati o ns 1 ■ ; - 

2. OBJECTIVE 

^jicurJ^e-cP-ns-t-i-tuent— and— coiap&Be«t-4eplmo-l-pgy— t-o— enab-le— bbe 

development of ad va nced space t ra nsportati o n system chemical 

_prPTAila.i.QXL_syjsie.ms. ^ * 

3. NEED ANALYSIS 

a) LEVEL NOW 0, WILL BE LEVEL [5] UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL 0 FOR OPERATIONAL SYSTEM USE BY fiDATES. q 8 1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM [J ' LOW [J 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [&] OR 

ENHANCING: HIGH Q MEDIUM □ LOW |~] 

e) TASKS NEEDED: STUDY [xj ANALYSIS [x] RESEARCH fx] 

GRD TEST jx] AIR CRAFT TEST □ SPACE FLIGHT TEST □ 


ENABLING (xJ OR 
LOW (“] 

[Xj RESEARCH 0) 
SPACE FLIGHT TEST 


OTHER 


c:ify) □ 


I R&T BASE CANDIDATE Ye s 

MPLEMENTAB Y. TECHi'KH.OG Y ADVANCEMENTS REQUIRED FOR 
£ OF THIS TECHNOLOGY 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCO M P L I SH N E ED 

C onstituent and c om ponent te ch nology will be c o nducted to enab 1 
advanced ch emic al sy s tem deve lo pmen t . Ad van cem ents required are : 

' !• R eduction of co mponen t cost 

_2 . Increa se in co mpon ent 1 ife (enhanc ed re u s ej 

3 -*— lucre as e_.±n_ o-ver alX-parf ormanice 

4 . De cr ease i n comp.Qnan.t_-Vie.ight 

5. Easing , of component— .c_a.ec.kout procedui- , es.'. to ..reduae .opera- ... 
t ional complexity throu gh au tomation. 
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SPACE TECHNOLOGY NEED 

FORM NO. 1 


PAGE 2 OF h 


TITLE 


Enabling Technology for Chemical Rockets nd 1-12/P-1/56 

- - ~ THEME /W.G./ TASK 


DATE 4 / 2^ 7 6 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 


].o\l.o\).o\l.o\l.O 


muv.o 


I W5 WSi W\ IB 59 03 SB 95 5G I 















SPACE TECHNOLOGY NEED 


1. TITLE Enabling Technology for Chemical 
Rocket Systems to Improve Performance. 


ItfiTStfEKSSl 


FORM NO. I 

PAGE 3 OF j> 


NO, 1-12/P-1/S-6 
THEME /W.G./ TASK 

DATE J /2fi /Ifi 


( 6 ) CONTINUATION (If Needed) 

Block No. 

1. Combustion Chambers - To accomplish the advancements 


fabrication techniques. This program should provid 


technology to increase chamber life, reduce fabrication 


can provide improved v 


ions of in.iector 


ments are needed to improve life, as well as new 


to faceplate fabrication techniques and materials 


are known. Work mu 


combustors such as traveling wave ignition. 


techniques must be developed to ease the manufacturin 












SPACE TECHNOLOGY NEED 

FORM NO. 1 


PAGE 4 OF _J 


1. TITLE Enabling Technology for Chemical 
Rocket Systems to Improve Performance, 

I ncrease Life, Reduce Cost and Simplify 

flnonof -i /~\ ro 


( 6 . ) CONTINUATION (If Needed) 

Block No. 


NO 1-12/P-1/S-6 

THEME /W.G./ TASK 

DATE 4 /JL8/_JL6___ 


- PRB B 


system improvement . 


which is a cost reduction and improved life. 


Constituent Technology will focus on enhancing chemi 


engine performance in the areas of acoustic nois 


operations, checkout and 


optimization. 


functions and provide, where possible, automatic man-free 


. Engine/Vehicle Optimization - Studies to identify engine/ 


advantage of engine variability and identify total system 


constraints and drivers. 













SPACE TECHNOLOGY ADDITIONAL INITIATIVE 


FORM IV 


TITLE Enabling Technology for Chemical Rocket Systems to DATE .4 — /■ 2 9, /-Za. 
Improve Performance, Increase Life, Reduce Cost and 

Simplify Operations TT NO. 1 & 12 OR WORKING GROUP NO.PzlZ.55_ 


OBJECTIVE 

Provide Constituent and Component Technology to Enable the Development of 


Advanced Space Transportation System Chemical Propulsion Systems. 


JUSTIFICATION Reduced cost and component weight, increased com 


and performance, and operational simplicity must be achieved to realize the 


total benefit in advanced space transportation systems. 


TECHNICAL APPROACH/PLAN 

Constituent and component technology will be persued focused on the above 


aspects for the following: thrust chambers, nozzles, injectors, ignitors, 


)umps and turbine drives, valves, gas generators; acoustic noise and 


vibration, engine-vehicle optimization, and operations, checkout and 


maintenance. 


SCHEDULE 


SCHEDULE ITEM 


TASK 

Thrust Chambers 


Nozzles 


Injectors & 
Ignitors 

Pumps, Turbodrive 




Engine-Veh. Opt. 


Noise & Vibrations 


■SSSHHMI 


PROPOSED LEAD CENTER 


11 11111 1 


RECOMMENDATIONS FOR FULLER DEVELOPMENT OF INITIATIVE STATEMENT 




























LEVEL I. BASIC PIIINOMrNAOHSniVrU AND REPORTED .V COMPONENT OH BREADBOARD TESTED IN RELEVANT 

OF STATE ?. MILOIIY I OHMIILATEU TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART S THEORY TESTEO BY PHYSICAL EXPERIMENT OR 6 MODEL TESTED IN AIRCRAFT ENVIRONMENT 


SPACE TECHNOLOGY NEED 


< Z 
5 uj 


FORM NO. I 
PAGE 1 OF g. 

1. TITLE jjjgh l S p lo n Thrust Subsystem for NFP — NO — IQ /P1 ./57 

Planetary Propulsion THEME / W.G. / TASK 

DATE 4 / 28 / 76 

2. OBJECTIVE 

Develop the technology for an Ion T hruster Subsy stem ffl r._Pl^ pe±a-Ey — ___ 
Propulsion Applications with NEP 


3. Nt"KO ANALYSIS 

a) LEVEL NOW [T| , WILL BE LEVEL GD UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLO GY READY 

AT LEVEL 0 FOR OPERATIONAL SYSTEM USE BY [PATE:iqqn 1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM □ LOW 0 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING 0 OR 

ENHANCING: HIGH □ MEDIUM □ LOW □ 

e) TASKS NEEDED: STUDY (?) ANALYSIS {Yj RESEARCH [Y| 

GRDTESTlx] AIR CRAFT TEST □ SPACE FLIGHT TEST [x] 

OTHER (Specify) Q (Check one or more) 

f) R&T BASE CANDIDATE 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY 

Development of Nuclear Electric Power Source 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

(1) Scaling of present thruster systems to required sizes 





SPACE TECHNOLOGY NEED 


PAGE 2 OF 


FORMNO. 


TITLE 


High Isp Ion Thrust Subsystem for NEP 
Planetary Propulsion 


THEME /W.G./ TASK 


DATE 4 /28 /76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

1) Define System Requirements 

(2) Design Thruster System 


(3) Incor 

(4) Perform Directed R&T 


(5) Demonstrate Critical Performance Parameters 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

RTOP 506-22-30, 506-22-40 


SPHINX B/C, Propulsion Pallet Experiments 


LeRC FY79 new initiative to develop thrust subsystem tec 


9. TECHNOLOGY SCHEDULES 

FY 


SCHEDULE ITEM 


1IIIIIIIIHII! 


Baseline R&T 


Directed R&T 


Critical Tests 


Pallet Tests 


Tech Ready 


MANPOWER (M-Y) 

INHOUSE 5 

CONTRACT 


15120120 20 20 15 15 10 


1 19 !U IS! H Pi H S3 3B St! S3 S3 30 30 BE I 



























LEVEL I. BASIC f’Hf NOMTNA OBSCRVfU ANO REPORTER -- !i COMPONENT OB BREADBOARD TESTEO IN RELEVANT 

OF STATE f IHLOI1Y I (IHMIILATEO TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 


SPACE TECHNOLOGY NEED 


FORM NO. I 

PAGE 1 OF 2 


1. TITLE Solid Rockets for Planetary Spacecraft MO.. 


THEME /W.G./ TASK 


DATE 4 / 30 / 76 


2. OBJECTIVE 

Demonstrate techno! o 


of hioh 





3. NEED ANALYSIS 

a) LEVEL NOW 0 , WILL BE LEVEL Q] UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL 0 FOR OPERATIONAL SYSTEM USE BY [date: 1QRR 1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM [x] LOW □ 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [x) OR 

ENHANCING: HIGH Q MEDIUM □ LOW □ 

e) TASKS NEEDED: STUDY □ ANALYSIS □ RESEARCH □ 

GRDTESTQD AIR CRAFT TEST □ SPACE FLIGHT TEST □ 

OTHER (Specify) Q (Check one or more) 

f) R&T BASE CANDIDATE Yes. FY78 #75QK 


4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 




insulation can be eliminated and propellant placed in the volume that 


was occupied by the insulation; Class 2 propellants with high performance; 


thrust vector control system using light-weight moveable nozzles with low 


actuation power requirements; motors for possible tube-launched penetrators 


m otors for probes from planetary exploration facility to p la nets. 













SPACE TECHNOLOGY NEED 


T,TLE Solid Sockets for Planetary Spacecraft 


FORM NO. I 

PAGE 2 OF 


NO 1 O/P-1/58 

THEME /W.G./ TASK 


DATE 4 / 30/ 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Evolve this program from the on-going R&T program and exploit all DOD 


te hnology advancements to minimize cost. Evaluate, design, and test 


component (nozzles, cases, and insulation) and integrate into complete 


motor. Explore specialized needs of planetary exploration facility to 


include designs of capability to replace solid motors in a reusable 


lanetary lander. 


7. ALTERNATIVE APPROACHES/OPTIONS Liquid chemical systems, SEP or NEP. 

(Liquids mav not be compatible with AF/1US and SEP and NEP are not 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

RTOP 506-21-32 (Advanced Solid Propulsion Concepts) 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 
Desi qn 


Component Dev. 


Motor Dev. 


PI anet 


Design Needs 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 


6 6 6 4 2 2 2 


.4 M.l .1 .1 




























THEME NO. 

7 

SPACE 

8 

SPACE 

9 

SETI 

10 

SOLAR SYS. 

TECHNOLOGY NEEDNO? 

POWER 

INDUST. 


EXPL. 


SPACE TECHNOLOGY NEED PRIORITY ASSESSMENT 

(List in numerical order, 1 — Highest Priority) 


12 

ADV.TRANS. 

SYS. 


: . Dual Fuel Engine 
eeh. for Mixed Mode 


3 . Liquid/Solid 
ybrid Prop . for 


. Solid Prop, 
dvanced Technology 




. Atomic Metallic 
2 Prop. Technology 


i 


WORKING GROU P P-1 
DATE 4 / 28/ 76/Mfo 


NASA R&T 

Current 

R&T Base 

i/ 



SUMMARY PRIORITY 
ASSESSMENT 


OAST 


. Earth Storable 
rop . for, Planetary 




■5. Solar Heated 
[ydrogen Thruster 

s* 

.6 . Laser Prop . 
lystem for OTV 

S' 
























































































































